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ABBREVIATIONS 
c = centigrade 
cm = centimeter 
CP centipoise 
6 = change (delta) 
dia diameter 
f force 
F Fahrenheit 
ft foot 
g gram 
in inch 
u 
= ionic strength ' 
kg kilogram 
m mass 
mg = milligram 
ml = milliliter 
mm millimeter 
mM millimolar 
M molar 
N 
= 
normal 
nm = nanometer 
IT = 3.1416 
% = percent 
sec = second 
sp. gr. = specific gravity 
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INTRODUCTION 
The Food Safety and Inspection Service of the United 
States Department of Agriculture (USDA) has recently approved 
the use of selected potassium phosphates and allowed expended 
use of all approved phosphates and sodium hydroxide in a 
wider range of poultry and red meat products (Anonymous, 
1982a). This ruling includes, for the first time, the direct 
addition of phosphates during the processing of cooked sau­
sages . 
The total processed meat volume in the United States was 
estimated at over 10.5 bilion pounds in 1981 (Anonymous, 
1982b). With the recent USDA ruling, the additional volume 
of meat products to which selected phosphates could be added 
amounts to approximately 40% or 4.0 billion pounds. 
Despite its potential impact on the processed meats 
industry, many practical questions concerning the use of 
phosphates in comminuted meat products remained unanswered. 
Numerous studies have reported the fundamental effects of 
phosphates on muscle proteins and the more practical effects 
of phosphates in brine-cured ham and bacon. However, 
research on phosphate addition to comminuted meat products 
has, for the most part, been carried out only by European 
researchers. Many domestic concerns in relation to phos­
phates in comminuted meat products needed to be addressed. 
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Besides benefits to conventional products, phosphates 
could potentially increase the stability of reduced sodium 
meat products, improve textural properties of products con­
taining mechanically processed meat and enhance the rehydra­
tion of dehydrated meat products. While the latter two 
effects were not examined in this study, the action of phos­
phates in reduced sodium products was evaluated by stressing 
meat emulsions by using reduced sodium chloride levels. 
In an attempt to add to the knowledge of the interaction 
of inorganic phosphates with meat proteins in comminuted 
products, a number of individual studies were carried out 
involving the addition of various phosphates to meat emul­
sions. For the most part, evaluations were made on raw emul­
sions processed in a small laboratory food chopper. Where 
the necessity was apparent, results were confirmed on cooked 
emulsions using conventional commercial processing tech­
niques. While some studies may not appear to be related, all 
studies were designed to test basic theories regarding phos­
phates and meat under practical conditions. Observations 
from initial experiments raised more questions for study and 
led to the subsequent experiments. 
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LITERATURE REVIEW 
Meat Emulsions 
An emulsion is a colloidal suspension of two immis­
cible liquids (Sherman, 1955; Swift, 1965). Typically, a 
non-polar liquid (dispersed phase) is dispersed within a 
polar liquid (continuous phase). A third component, emulsi­
fying agent, is required for the development of a stable 
emulsion. The emulsifying agent acts at the interface 
between the dispersed and continuous phases to prevent coa­
lescence of the dispersed phase. The repulsive forces of 
anionic agents help to further stabilize an emulsion by 
reducing the tendency for the dispersed droplets to be 
attracted to one another (Sherman, 1955) . 
We have conventionally referred to a finely chopped meat 
mixture as a "meat emulsion". This is somewhat of a misnomer 
as the so-called "meat emulsion" consists of solid fat parti­
cles dispersed in a liquid continuous phase. In other words, 
a meat emulsion is a suspension of two immiscible liquids. 
It might be more appropriate to refer to this mixture as a 
meat batter, but due to the common acceptance of the termi­
nology, it will be referred to as a meat emulsion in this 
text. 
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In addition, the continuous phase in meat emulsions is 
not a simple liquid but a complex colloidal system itself 
(Schut, 1976). Therefore, producing a stable meat emulsion 
not only involves preventing coalescence of the dispersed 
phase but also preventing any loss in water-holding capacity 
(WHO of the meat proteins in the continuous phase. 
The meat proteins serve as the emulsifier in a meat 
emulsion. These proteins surround the finely chopped fat 
particles and are denatured at the water-lipid interface to 
form a protein layer around the fat particles. 
Meat proteins vary in their interactions with the water 
and oil phases due to the different amino acid side chains. 
It is believed that myosin may bridge the oil-water interface 
as the non-polar amino acid residues of the myosin tail would 
be attracted to the lipid phase while polar amino acid 
residues of the myosin head would be associated with the 
continuous (water) phase (Schut, 1976). 
The stability of meat emulsions, prior to cooking, obeys 
Stoke's law (Schut, 1976), which is; 
d2 (d.-d^)g 
^ " Î8ïi 
where v=velocity of sedimentation of the dispersed particles; 
D=diameter of the dispersed particles; di=specific gravity 
of the internal phase; de=specific gravity of the external 
phase; g=the acceleration of gravity, and n=the viscosity of 
the emulsion. The major factor in this equation is "D" 
(Baron, 1965). In other words, as the fat particle size 
decreases, the emulsion stability increases, providing there 
is sufficient protein (emulsifying agent) to adequately coat 
the fat particles (Schut, 1976). As chopping continues, 
emulsion temperature rises, causing surface tension of the 
fat particles to decrease. This decrease in surface tension 
further enhances the particle reduction process and rapidly 
increases the surface area of the fat particles (Baron, 
1965). As the surface area increases, more protein is 
required to form the protein layer which surrounds the fat 
globules. The viscosity of the emulsion may be extremely 
important in stabilizing meat emulsions by physically 
preventing coalescence of the dispersed phase (Baron, 1965; 
Schut, 1976). 
PH 
Water-holding and emulsifying capacities of meat are 
greatly affected by pH. WHC is at a minimum at the iso­
electric point (pi) of proteins. The pi is the pH at which 
all ionizable groups are charged. At this point, equal posi-
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tive and negative charges on the protein result in a maximum 
number of salt bridges between peptide chains and a net 
charge of zero. The WHC of meat is at a minimum at the pi pH 
which is in the range of 5.0-5.4 for meat. Upon heating, 
this Ip shifts to a higher pH range due to a loss of carboxyl 
(or acidic) groups on the protein (Hamm and Deatherage, 
1960). 
Increasing or decreasing the pH away from the pi will 
result in increased WHC by creating a charge imbalance. A 
predominance of either positive or negative charges will 
result in a repulsion of charged protein groups of the same 
charge and increased capacity for water retention. 
Emulsifying capacity has been found to increase with 
increasing pH. Froning and Neelakantan (1971) reported a 
significant positive correlation between the emulsifying 
capacity of poultry muscle and its pH. Hegarty et al. (1963) 
also found the emulsifying capacity of purified actomyosin to 
increase with increased pH, however, a pH of 5.5 was found 
optimum for emulsification of sarcoplasmic proteins. 
Numerous researchers have observed increased solubility 
of the salt soluble muscle proteins with increased pH 
(Sherman, 1961a; Fukazawa et al., 1961; Swift and Sulzbacher, 
1963; Saffle and Galbreath, 1964; McCready and Cunningham, 
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1971). McCready and Cunningham (1971) stated that while an 
increase in pH from 5.0 to 6.0 resulted in increased salt-
soluble protein extraction, a further increase in pH to 7.0 
did not result in any further enhancement of protein extrac­
tion. These researchers concluded that the pH of poultry 
meat was more important in emulsifying capacity than the 
percent of salt-soluble protein extracted from the meat. 
Similarly, Sulzbacher (1973) indicated that fat emulsi-
fication increased with an increase in pH from 5.0 to 6.0 but 
leveled off from pH 6.0 to 8.0. Trautman (1966), using a 
heat gelling test based upon a least protein concentration 
endpoint (LCE), observed that the best LCE was produced 
between pH 5.7 and 6.0. This LCE minimum was found to be 
directly related to free moisture found in vacuum packaged 
comminuted sausages and was concluded by this researcher to 
be related to water binding in cooked meat systems. 
Baker et al. (1970) has shown that chicken frankfurters 
were firmest when made from meat with a pH of 6.0. Frank­
furters were found to be more tender when made from meat with 
a pH adjusted below 6.0 due to instability of the emulsion 
and with a pH adjusted above 6.0 due to lower moisture loss 
in the cooking process. Panelists preferred the chicken 
frankfurters made from meat at pH 6.0 and above over those 
made from meat of lower pH. Proning and Neelakantan (1971) 
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claimed that emulsions made from post-rigor meat with pH 
adjusted to that of pre-rigor meat resulted in a rubbery 
cooked product. This rubbery texture was comparable to the 
texture of cooked emulsions made from pre-rigor meat. 
Hamm (1960) stated that increasing pH caused the binding 
of cations to increase and of anious to decrease. Hamm 
(1971) stated more specifically that the binding of divalent 
cations to muscle increased with increasing pH. 
Many factors affect the pH of emulsions. First, the 
addition of sodium chloride has been shown to increase the pH 
slightly (German and Swift, 1964). Cooking of meat has also 
been observed to increase the pH of meat (Hamm and 
Deatherage, 1960; Herman and Swift, 1964). This pH change 
has been shown to be reduced as the pH prior to cooking 
increases on the basic side of the pi (Hamm and Deatherage, 
1960). Divalent cations, such as magnesium and calcium, have 
been shown to decrease raw protein pH (Ghosh and Mihalyi, 
1952; and Wierbicki et al., 1957). Wierbicki et al. (1957) 
added that while the addition of calcium chloride prevented 
pH from rising upon cooking, magnesium chloride did not. 
Finally, alkaline phosphates increase meat pH. This will be 
discussed in greater detail in subsequent sections. 
There are many other factors affecting WHC and emulsion 
stability which have been reviewed extensively by Schut 
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(1976) and in more brief reviews by Swift and Sulzbacher 
(1963), Swift (1965)r Cunningham and Froning (1972) and 
Sulzbacher (1973). 
Neutral salts 
The WHC of a meat system is greatly affected by the 
addition of salts. To fully understand this effect, one must 
consider the action of both the cation and the anion, which 
result from the ionization of salts. These ions must be 
absorbed by the protein to affect WHC. Sherman (1961a) 
claimed that ions were absorbed to meat by electrostatic 
forces and that this absorption was enhanced by increasing 
the ionic strength of (or concentration of the salt in) the 
meat system. 
The addition of sodium chloride is known to affect meat 
proteins in several ways. First of all, sodium chloride has 
been shown to increase the WHC and swelling of meat (Bendall, 
1954; Wierbicki et al., 1957; Sherman, 1961a). This effect 
is explained by the fact that the chloride anion, being 
larger, would be less hydrated than the sodium cation. The 
less hydrated ions are drawn closer to the charged protein 
group due to their smaller radii (Schut, 1976). The chloride 
ion should therefore have more of an effect on screening of 
oppositely charged groups at pH above the isoelectric point 
than sodium, resulting in a net increase in negative charges 
10 
and a shift of the pi of muscle to lower pH values (Hamm, 
1960). An increase in net negative charges results in repul­
sion of the protein groups and an enlargement of the space 
available for water absorption within the muscle. The 
opposite effect should occur at a pH below the iso-electric 
point (Schut, 1976). 
In contrast to the previous theory, Sherman (1962) has 
observed that at both 0°C and 100°C, cations and anions were 
absorbed from neutral salt solutions to approximately the 
same degree. At 100°C, the anions may have been retained to 
a slightly greater extent. 
Increasing the sodium chloride concentration of an ex­
traction solution, in the range of 0 to 12% has been reported 
to increase the amount of extractable protein (Gillett et 
al., 1977). Swift (1965) claimed that an ionic strength of 
0.5 or higher is necessary to extract salt-soluble proteins 
from meat. Swift and Sulzbacher (1963) observed that the 
emulsifying capacity of salt-soluble proteins was not signif­
icantly different in 0.3, 0.6 and 1.2 M sodium chloride at a 
pH above the pl, but increasing sodium chloride concentration 
significantly increased emulsifying capacity of meat in this 
same pH range. 
While divalent cations have been shown to bind more 
tightly to myosin than monovalent cations, the addition of 
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sodium chloride to meat has been observed to increase the 
free calcium, magnesium and zinc at 3°C but to increase only 
the free calcium at 70°C (Berman and Swift, 1964). Wierbicki 
et al. (1957) found that the addition of 1.3% sodium chloride 
increased the absorption of both potassium and magnesium ions 
with no effect on calcium ions. 
Divalent cations 
Divalent cations are believed to decrease the WHC of 
meat. This effect has been reported to be due to bridging of 
actin and myosin and binding between carboxyl groups of pro­
teins. Schut (1976) does not believe the latter factor is 
important in the effect of divalent cations on the WHC of 
meat. Instead, it is believed that divalent cations affect 
the WHC of meat by screening the negatively charged protein 
groups. Since divalent cations exhibit greater affinity for 
myosin (Brahms and Brezner, 1961) than monovalent, it is 
concluded that they also exert a greater influence on the 
WHC of meat than monovalent cations (Schut, 1976). Hamm 
(1957) cited by Schut (1976) reported increasing meat hydra­
tion in an alkaline pH range occurred in the order of lyotro-
pic progression, such as; 
Ca++<Mg++<K+<Na+<Li+ 
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However, Wierbicki et al. (1957) indicated that at 70°C, 
1.0 N magnesium or calcium chloride decreased expressed juice 
to a greater degree than 4.0 N sodium or 1.0 N potassium 
chloride. Magnesium chloride was even more beneficial than 
calcium chloride in preventing shrinkage at 70°C, but due to 
flavor problems, its addition level was recommended to be at 
no more than 0.5% of meat and added water weight. Swift and 
Ellis (1956) showed that 0.095% magnesium chloride resulted 
in greater meat volume than 0.165% calcium chloride. 
inorganic Phosphates 
Nomenclature and classification 
The inorganic phosphates are classified by the number of 
phosphorus atoms in the phosphate molecule. The classifica­
tions that are important to the meat industry include the 
orthophosphates, the pyrophosphates, and the straight chained 
polyphosphates (Anonymous, 1982a). 
The orthophosphates are salts of orthophosphoric acid 
(HgPO^) and contain only one phosphorous atom per molecule. 
Almost all of the phosphate minerals are orthophosphates (Van 
Wazer, 1958). The structures of the sodium orthophosphates 
are shown in Table 1. The structures of the potassium ortho-
phosphates can be derived by substituting the potassium (K) 
atom for the sodium (Na) atom in each structure in Table 1. 
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Table 1. Nomenclature and classification of inorganic 
phosphates 
Orthophosphates 
0 
I 
NaO-P-OH 
0 
H 
Monosodium phosphate 
(monobasic) 
NaO—P—OH 
I 
O 
Na 
Disodium phosphate 
(dibasic) 
pyrophosphate 
0 0 
I I 
Na0~P-" 0—P~0~Na NaO—P—0—P—ONa 
0 
H 
0 
H 
Sodium acid pyrophosphate 
0 
Na 
0 
Na 
Tetrasodium pyrophosphate 
polyphosphates 
0 0 0 
I I I 
NaO-P-O-P-O-P-ONa 
I I I 
0 0 0 
Na Na Na 
Sodium tripolyphosphate 
0 0 0 
I I I 
NaO—P—0—P—0—P—ONa 
0 O 
Na Na 
0 
Na 
Sodium hexametaphosphate 
0 0 
I I 
HO-P-P-OH 
I I 
0 0 
NaNa 
Sodium hypophosphite 
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The sodium and potassium salts of orthophosphoric acid are 
the only orthophosphates approved for use in meat products 
(Anonymous, 1982a). 
The pyrophosphate (or diphosphate) molecule consists of 
two phosphorous atoms linked by a shared oxygen atom. An 
inorganic phosphate of such structure is referred to as a 
"condensed" phosphate. pyrophosphoric acid is the only poly 
phosphoric acid which can be crystallized. Two different 
salts of pyrophosphoric acid are approved for use in meat 
products (Anonymous, 1982a). These include sodium acid pyro­
phosphate, Na2H2P207 (Table 1), an acidic phosphate, and 
tetrasodium, Na^PgO?, or tetrapotassium pyrophosphate, 
K^PgO/f alkaline phosphates. 
Inorganic phosphates of three or more phosphorous atoms, 
linked by oxygen atoms are referred to as polyphosphates. 
Polyphosphates may be found in a straight chain form or a 
cyclic form. The straight chain polyphosphates are much more 
common in food applications. 
Sodium, NagPgOjQ, or potassium tripolyphosphates, 
KgpgOiQf (Table 1) consist of three linked phosphorous atoms. 
Sodium tripolyphosphate has been the most commonly used phos­
phate in conventional curing brines for ham and bacon proces­
sing. 
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Sodium hexametaphosphate is a misnomer for a long, 
straight-chained polyphosphate. The metaphosphate designa­
tion is correctly given to cyclic polyphosphates. Ellinger 
(1972) reported that Graham in the early 1800s referred to 
this polyphosphate as "metaphosphate", as he had expected 
this form to be a cyclic polyphosphate. At that time, Graham 
could not distinguish between the cyclic and straight-chain 
polyphosphates. Commercial hexametaphosphate has an average 
of 10 to 15 phosphorous atoms (Ellinger, 1972). 
The name "sodium hexametaphosphate" has been deleted 
from the final ruling by the USDA and has been replaced with 
the name "sodium polyphosphate, glassy" (Grahams salt) and 
"sodium metaphosphate, insoluble" (Maddrell's salt). The 
insoluble metaphosphate is insoluble in water but is somewhat 
more soluble in solutions of ammonium and alkali metal salts 
(Ellinger, 1972). 
Sodium hypophosphite (Table 1) is not approved yet for 
use in meat products, however, it is on FDA's GRAS list and 
has been studied as an alternative to nitrite for inhibiting 
Clostridium botulinum in bacon (pierson et al., 1981). These 
authors indicate that sodium hyphosphite at 3,000 rag/kg may 
be as effective as sodium nitrite at 120 mg/kg, in terms of 
inhibiting C. botulinum but would not provide the cured color 
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of nitrite (Bannar, 1981). Furthermore, Pierson et al. 
(1981) found that 40 mg/kg sodium nitrite combined with 
3,000 mg/kg sodium hypophosphite or 1,000 mg/kg sodium 
hypophosphite with tripolyphosphate may be equally as effec­
tive in inhibiting C. botulinum. 
Electrolytic behavior 
Inorganic phosphates ionize in water to form polyelec-
trolytes. The phosphate anions, produced in the ionization 
of phosphates, mask the positive sites (e.g., histidine, 
lysine and arginine) of proteins (Lyons and Siebenthal, 
1966; Klotz, 1950), however, Klotz (1950) points out the 
positive charge of these amino acid residues would decrease 
with increasing pH, resulting in a decrease in the masking 
effect by anions. This masking effect has been shown to be 
consistent with the laws of mass action (Briggs, 1940). By 
increasing the overall negativity, electrostatic repulsion 
of the proteins is believed to occur (Hamm, 1971). Such 
repulsion of the protein network would allow for increased 
WHC. 
In contrast, Sherman (1962) claims the phosphate cation 
(sodium) is preferentially absorbed over the anion, 
increasing the pH in range of 6.0 to 7.0 increased the ratio 
of phosphate anions to sodium cations absorbed, but at pH 
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7.0, the adsorption of the phosphate anion was still less 
than that of the sodium cation. This report disagrees with 
the accepted theory on the chloride ion effect on the elec­
trostatic repulsion of proteins, yet, it maintains that the 
mixture of pyro- and hexametaphosphate used caused greater 
water retention per unit concentration of cations and anions 
absorbed than sodium chloride or magnesium chloride. 
The electrolytic activity varies with different phos­
phates. The degree of ionization is inversely proportional 
to the number of phosphorous atoms in the phosphate molecule 
(Batra, 1965). Using a sodium ion electrode, Batra (1965) 
found sodium orthophosphate to be completely dissociated at 
all concentrations tested (at 25°C), while sodium hexameta­
phosphate dissociated from 44 to 61%, from higher to lower 
concentrations, respectively. 
However, Hamm and Grau (1958), as reported by Hamm 
(1971), found the orthophosphates to be much less effective 
than the pyro- or tripolyphosphates on protein hydration at 
constant pH. Ellinger (1972) claimed that the polyelectro-
lytic activity increases with increasing phosphate chain 
length, as a longer ionized chain can mask a relatively 
greater number of positive protein charges than a shorter 
phosphate anion (Lyons and Siebenthal, 1966). In addition, 
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water may be bound electrostatically to the polyelectrolytes 
that are bound to the proteins to further increase WHC 
(Sherman, 1961a). 
The increase in WHC caused by the addition of alkaline 
phosphate, with the exception of pyrophosphate, is claimed by 
some to be due to a non-specific ionic strength effect 
(Bendall, 1954). The effect of pyrophosphate on the WHC of 
meat seems to be greater than would be expected due to ionic 
strength alone. Sherman (1961a) reported that increasing the 
ionic strength of meat with phosphates further enhances the 
absorption of anions by the meat, which would result in 
increased fluid retention. 
Increasing ionic strength also increases the solubility 
of proteins (ishioroshi et al., 1979) and this effect, as 
with the WHC, may be a non-specific ionic strength effect of 
phosphates (yasui et al., 1964a). Regenstein and Stamm 
(1979a), on the other hand, claim that inorganic phosphate 
extracts more protein than would be expected based on ionic 
strength alone. These authors did not reveal exactly which 
inorganic phosphate they used. 
As mentioned previously, phosphate anions are absorbed 
to oppositely charged groups of proteins, causing a change in 
the surface charge of the proteins. By increasing the net 
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negative charge on the protein surface, the phosphate anions 
may increase dispersion of fat particles within a meat emul­
sion (van Mazer, 1971), resulting in a more heat stable emul­
sion. 
"Specific effect" of pyrophosphate 
Tetrasodium pyrophosphate is often credited with having 
a "specific effect" on meat proteins (Bendall, 1954; Fukazawa 
et al., 1961; Kotter and Fischer, 1975). It is generally 
agreed, that this "specific effect" involves the dissociation 
of actomyosin to its component parts, actin and myosin. 
Weber (1952), Bendall (1954) and Tonomura et al. (1967) com­
pare tetrasodium pyrophosphate to adenosine triphosphate 
(ATP) in terms of structural similarities and ability to 
resolve the actomyosin complex. 
Sutton (1973) , in a study of the hydrolysis of phos­
phates, has shown by phase contrast photomicrographs, gross 
conformational changes in cod muscle with the addition of 
tripolyphosphate. It was suggested that this effect was due 
to tetrasodium pyrophosphate, resulting from the rapid 
hydrolysis of tripolyphosphate in muscle. 
Acs et al. (1949) reported the effect of various phos­
phates on the dissociation constant of actomyosin to be in 
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the order; ATP>triphosphate>pyrophosphate>calgon (hexameta­
phosphate) . This effect was greatly enhanced for all the 
phosphates when 0.001 M MgSO^ was added. 
In addition, tetrasodium pyrophosphate decreases the 
viscosity of protein solutions (Mommaerts, 1948; Acs et al., 
1949; Fukazawa et al., 1961; Yasui et al., 1964b; Nakayama 
and Sato, 1971a) and muscle homogenates (Hamm, 1975; Schut, 
1976) in the presence of sodium or potassium chloride. This 
would further suggest the dissociating effect of tetrasodium 
pyrophosphate on actomyosin. Fukazawa et al. (1961) and 
Yasui et al. (1964b) both report that tripolyphosphate and 
hexametaphosphate decrease the viscosity of actomyosin but to 
a much lesser extent than pyrophosphate. Schut (1976) 
describes the decrease in the K-fraction (actomyosin) of 
centrifuged emulsion homogenates upon the addition of pyro-
phates and a resultant low-viscosity supernatant. 
Similarly, ATP decreases the viscosity of actomyosin but 
once the ATP is hydrolyzed to adenosine diphosphate (ADP) the 
viscosity will increase again to nearly the original level 
(Mommaerts, 1948; Acs et al., 1949; and Yasui et al., 1964b). 
Yasui et al. (1964b) claimed that protein solutions con­
taining pyrophosphate will also show an increase in viscosity 
upon the hydrolysis of pyrophosphate to orthophosphate. 
Nakayama and Sato (1971a) indicated that 3 M pyrophosphate 
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will decrease the viscosity of an actomyosin solution and 
that the viscosity will increase again when the solution is 
incubated at 30°C for 2 to 6 hours. However, reports from 
Mommaerts (1948), Acs et al. (1949) and Hamm (1975) suggested 
that once the viscosity of protein solutions or homogenates 
was decreased by the addition of pyrophosphate, it did not 
increase again. 
Mommaerts (1948) added that the presence of magnesium 
enhanced the effect of ATP and inorganic pyrophosphate on 
reducing the viscosity of actomyosin solutions. Low tempera­
tures (0°C) further enhanced pyrophosphates effect on the 
viscosity of actomyosin. The presence of calcium, on the 
other hand, caused the recovery of the viscosity to the 
original level to be accelerated. Granicher-Frick (1965) 
claimed that magnesium pyrophosphate was required for disso­
ciation of actomyosin and that neither pyrophosphate anions 
or calcium pyrophosphate had any effect on this dissociation. 
The dissociation of actomyosin upon the addition of 
inorganic pyrophosphate, probably occurs since pyrophosphate 
and actin have been shown to compete for the same binding 
sites on myosin (Kiely and Martonosi, 1968). Both actin and 
pyrophosphate are reported to bind myosin through a magnesium 
link (Kiely and Martonosi, 1968). Kiely and Martonosi (1968) 
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have observed actin to displace pyrophosphate from myosin in 
0.6 M KCl and 1 mM magnesium chloride. On the other hand, 
Kiely and Martonosi (1968), citing Rice et al. (1963) have 
indicated that an alteration in the shape of actomyosin may 
be occurring rather than dissociation. 
Lynn (1965) suggested that the two sulfhydral groups of 
myosin protected by actin (other than the two protected by 
ATP) may be necessary for the nonspecific effect of phosphate 
anions. When actin was bound to myosin, ATP was the main 
anion causing alteration in the state of hydration of the 
actomyosin gel (Lynn, 1965). However, when 0.6 M KCl was 
added, inorganic phosphates as well as ATP caused dissocia­
tion of actin from myosin. 
Similarly, Braginskaya and El'piner (1963) reported that 
polyphosphates bind to myosin in the presence of ATP, with no 
resultant loss in myosin ATP-ase activity. To the contrary, 
Engelhardt (1946) and Martonosi and Meyer (1964) believed 
that inorganic phosphates and ATP were bound on the same site 
of myosin. Dainty et al. (1944) reported that tripolyphos-
phate competitively inhibits myosin ATP-ase activity. 
Bozler (1954), Martonosi and Meyer (1964), Tonomura et 
al. (1967) and Kiely and Martonosi (1968) have reported that 
magnesium is required for pyrophosphate to bind myosin, but 
the magnesium pyrophosphate complex may not be required as 
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claimed by Granicher-Frick (1965) (Kiely and Martonosi, 
1968). While Yasui et al. (1964a) and Kiely and Martonosi 
(1968) believed a magnesium-myosinate complex was the inter­
mediate form, Watanabe and Duke (1960) claimed a magnesium-
pyrophosphate complex was involved in the binding of pyro­
phosphate to myosin. Binding of pyrophosphate to myosin has 
been found to increase with decreasing temperatures (Kiely 
and Martonosi, 1968). 
Calcium is not believed to be involved in the binding of 
pyrophosphate to myosin (Martonosi and Meyer, 1964; Kiely and 
Martonosi, 1968), however, Lyons and Siebenthal (1966) 
assumed that the interaction of condensed phosphates and 
protein involved the same sites on the phosphate molecule as 
would be involved in the formation of calcium phosphate com­
plexes . 
Kiely and Martonosi (1968), from Scatchard plots of 
pyrophosphate binding at different concentrations of magne­
sium, concluded that the maximum number of pyrophosphate 
binding sites was about 1.5 per 500,000 g of myosin. Simi­
larly, Nauss et al. (1969) reported that myosin binds two 
moles of pyrophosphate per mole of myosin but that natural 
actomyosin binds only one mole per mole protein. This indi­
cates that the presence of actin decreases the binding 
capacity of myosin. 
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Bendall (1953) found that 20 raM pyrophosphate caused 
lengthening of glycerinated muscle fibers in the presence of 
ATP. The addition of 4 mM magnesium chloride accelerated 
this rate fivefold. At 1 mM pyrophosphate, lengthening was 
observed with the addition of magnesium chloride, however, 
even at 4 mM pyrophosphate, no lengthening occurred if magne­
sium chloride was absent. This study also indicated that 
magnesium chloride added with pyrophosphate allowed for 
lengthening with or without the presence of ATP, but caused 
shortening in the absence of pyrophosphate. 
Bozler (1955) reported that magnesium in muscle was 
taken up by pyrophosphate causing a slightly swollen and more 
translucent appearance. pyrophosphate, on the other hand, 
was shown to have no effect on the uptake of calcium from 
muscle. It was proposed that magnesium ions are essential 
for the softening effect (extension under a constant load) of 
muscle fibers by pyrophosphate. The further addition of low 
concentrations of magnesium restored muscle to its original 
condition. Lowering the temperature in the range 18-0°C has 
been observed to markedly increase the softening action of 
pyrophosphate (Bozler, 1954). 
Similarly, Fukazawa et al. (1961) reported pyrophosphate 
to have a "specific effect" on extraction of proteins with 
0.6 M NaCl Weber-Edsall solution. The addition of pyrophos-
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phate caused considerably greater extraction of proteins than 
tripoly- or hexametaphosphate from native or denatured 
fibrils and at three different pHs (5.6, 6.4 and 7.0). In 
addition, Bendall (1954) observed the extracted "free fluid", 
when 1.0% NaCl and 0.5% pyrophosphate (w=0.41) was used, to 
be very viscous while this phenomenon was not observed when 
NaCl was used alone at the same ionic strength. Grabowski 
and Hamm (1979) indicated that pyrophosphate increased the 
solubility of myofibrillar proteins but had no effect on the 
solubility of sarcoplasmic proteins. Regenstein and Stamm 
(1979a), as mentioned earlier, also reported the extraction 
of proteins from chicken muscle with pyrophosphate to be 
greater than would be expected from its ionic strength con­
tribution. Again, it is not certain what phosphate was used 
here, but these authors used only pyrophosphate in the work 
reported in three subsequent papers on related topics. 
Brahms and Brezner (1961) found ATP and pyrophosphate to 
overide the initial effects of increased ionic strength, 
resulting in full solubilization of myosin over all concen­
trations tested. 
penny (1968) revealed that 0.1 M pyrophosphate plus 4 mM 
magnesium chloride at 4°C extracted all the myosin (ATP-ase 
activity) from prerigor muscle and with increased time post 
mortem, extracted actin and tropomyosin. This pyrophosphate 
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treatment extracted more myosin but less actin and tropomyo­
sin than the 1 M potassium chloride-4 mM sodium glycerophos­
phate treatment. Increased time postmortem (up to 14 days) 
at 4°C resulted in virtually no change in these extraction 
levels. Both treatments resulted in increased extraction 
with increased time postmortem at 15-18°C and myosin extrac­
tion by the two treatments was nearly equal at 4 days post­
mortem (at 15-18°C). 
Regenstein and Stamm (1979b) evaluated the effect of 
pyrophosphate and divalent cations on the solubility of pro­
teins in chicken muscle and natural actomyosin (NAM) from 
chicken muscle. These researchers indicated that only in the 
case of NAM did pyrophosphate or pyrophosphate-magnesium 
chloride combinations increase solubility of proteins. In 
all cases, 5 mM pyrophosphate was the most beneficial treat­
ment applied in terms of protein solubility, and the combina­
tion of calcium and pyrophosphate was the least beneficial. 
The change in solubility of prerigor muscle was always less 
than in postrigor for all treatments. 
Bendall (1954) found the effect of pyrophosphate on raw 
and cooked water-binding capacity to be much greater than 
with sodium chloride alone at the same ionic strength. 
Again, a "specific" pyrophosphate effect was implied. Swift 
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and Ellis (1956), on the other hand, found no appreciable 
differences between orthophosphate and pyrophosphate in terms 
of fresh and stored rabbit muscle volume. They concluded 
that the mode of action of pyrophosphate did not involve any 
"specific effect" on the actomyosin structure but was due to 
its buffering action and effect on ionic strength. 
The effect of pyrophosphates and divalent cations on the 
WHC of chicken muscle and NAM from chicken muscle has been 
examined (Regenstein and Stamm, 1979b). In postrigor chicken 
muscle, pyro- and the pyrophosphate-magnesium chloride com­
bination enhanced the WHC to the greatest extent. The addi­
tion of magnesium and calcium alone caused a decrease in WHC 
of the postrigor meat. The above treatments caused the same 
relative effects on WHC of prerigor chicken meat but the 
values were lower for all treatments than in the case of 
postrigor meat. The greatest decrease in WHC of NAM existed 
with the treatments of pyrophosphate and either calcium or 
magnesium. Calcium caused less of a detrimental effect than 
magnesium when combined with pyrophosphate. Adding either 
magnesium or calcium alone resulted in a better WHC than when 
either are combined with pyrophosphate. This phenomenon may 
be due to the fact that while NAM has the contractile 
elements of muscle, any structural organization or membranes 
are missing. it was suggested that this pyrophosphate-
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divalent cation effect may be due to the dissociation of 
actomyosin resulting in the loss of integrity of any protein 
network and a decrease in WHC (Regenstein et al., 1979). The 
NAM studies may more closely predict what is happening in 
meat emulsion than whole muscle studies. 
Buffering properties 
The orthophosphates and pyrophosphates are good buffer­
ing agents in the pH ranges of 2 to 3, 5.5 to 7.5, and 10 to 
12 (van Mazer, 1971). The buffering capacity of the longer 
chain polyphosphates is not as good in the pH range of 5.5 to 
7.5 (Pig. 1) and it decreases with increasing chain length 
(Van Wazer and Hoist, 1950). 
Effects on collagen 
The hydration of unheated collagen has been concluded to 
be less with the addition of selected phosphates than in 
their absence (Ranganayaki et al., 1982). Sodium acid pyro­
phosphate and tetrasodium pyrophosphate depressed the hydra­
tion of collagen more in the pH range of 5 to 8 than did 
sodium tripoly- or sodium hexametaphosphate. When heated to 
70°C, sodium tripoly-, tetrasodium pyro- and sodium acid 
pyrophosphate caused a linear decrease in the hydration of 
collagen from pH 3.0 to 10.0. Sodium hexametaphosphate 
caused a decrease in hydration at all pH's. 
\o 
Fig. 1. pH titration curves of various condensed phosphoric 
acids. Curve 1, sodium trimetaphosphate, curves 2, 
3, 4/ sodium phosphate glasses of 20, 8, 7 and 4 
phosphorous atoms per chain, respectively and curve 
5, orthophosphoric acid {Van Wazer and Hoist, 1950). 
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Additionally, Ranganayaki et al. (1982) reported the 
addition of both sodium chloride and phosphate salts to un-
heated collagen, also caused a decrease in the hydration of 
the collagen but the hydration capacity under these condi­
tions appeared to be slightly improved over the addition of 
phosphate alone to collagen. Sodium tripoly- and sodium acid 
pyrophosphate, when added with sodium chloride to collagen 
heated to 70°C, resulted in greater hydration than the other 
phosphates in the presence of sodium chloride. 
Elmanov (1969) claimed that sodium tripolyphosphate and 
Curafos (a commercial blend of sodium tripoly- and tetra-
sodium pyrophosphates) appreciably accelerated the hydro-
thermal splitting of stromal proteins while sodium hexameta-
phosphate did not. This author related this effect on colla­
gen to the phosphate effect on tenderness and juiciness of 
cooked whole-muscle meat products. Hamm (1960) indicated 
that phosphates, contrary to sodium chloride, have a 
shrinking effect on "gelatin" rather than a swelling effect. 
Sodium hydroxide and phosphates 
Sodium hydroxide has been approved for use in comminuted 
meat products in the ratio of 1 part sodium hydroxide to 4 
parts phosphate (Anonymous, 1982a). very little published 
data are available in this area. Terrell and Sair (1970) 
reported that the use of FOS-10 (a mixture of 1 part sodium 
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hydroxide to 9 parts sodium tripolyphosphate) resulted in a 
0.6% increase in cooked yield of canned hams over the use of 
sodium tripolyphosphate alone. Dr. R. N. Terrell, Professor, 
Department of Animal Science, Texas A&M University has indi­
cated that there were some practical problems in using FOS-
10, such as foaming and an irritating dust. 
Hayashi and Kameda (1980) described four chemical reac­
tions resulting from the exposure of protein to alkali as: 
hydrolysis of peptide bonds, destruction of amino acid side 
chains, crosslinking and racemization of amino acid residues. 
These reactions would result in a decrease in net protein 
utilization. 
Effects on texture 
The effect of phosphates on the texture of comminuted 
meat systems is described in a variety of ways. Puolanne and 
Matikkala (1980) and Puolanne and Ruusunen (1980) reported a 
decrease in firmness in cooked sausages when 0.3% phosphate 
was added. Proning (1966) found that adding 0.5% to 1.0% 
Kena (a commercial blend containing sodium tripoly-, tetra-
sodium pyro- and sodium acid pyrophosphates) to ground 
chicken meat produced a smoother, less crumbly texture upon 
cooking than with no added phosphate, however, 2.0% added 
phosphate resulted in a texture that was too rubbery. And, 
Swift and Ellis (1957) indicated that all phosphate mixtures 
32 
tested increased the tensile strength or cohesiveness of 
emulsified sausage products. 
Baldwin and deMan (1968) stated that the additions of 
sodium dibasic, sodium tripoly-, sodium tetra-, and sodium 
hexametaphosphates to lean beef caused increased tenderness 
when 10 g samples were sheared in the Kramer Shear press 
cell. This effect was not observed in the sodium pyrophos­
phate or monobasic phosphate treatments. 
McMahon and Dawson (1976), working with polyphosphates 
and mechanically deboned turkey meat (MDTM) in a fermented 
sausage, found that 0.5% phosphate (Kena) increased total 
shear values to a constant degree as % MDTM increased. Tear 
values were also shown to increase but to a decreasing extent 
as % MDTM increased. A consumer panel preferred the texture 
of the sausage with 20% MDTM and 0.5% Kena over the sausage 
with no added MDTM or phosphate. 
Nakayama and Sato (1971b) reported that the addition of 
5 mM (0.223%) tetrasodium pyrophosphate decahydrate to acto-
myosin sol resulted in no change in the breaking energy of 
the heat set gel, an increase in the strain at the breaking 
point, a considerable decrease in Young's modulus and a 
decrease in the relaxation modulus. The addition of 5 mM ATP 
similarly caused little change in the breaking energy, a 
further increase over pyrophosphate in the strain at the 
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breaking point, and a similar decrease in Young's modulus and 
the relaxation modulus. 
Effects on flavor 
The flavor effects of phosphates added to meat seems to 
involve a couple of factors. First of all, certain phos­
phates are reported to give meat a "soapy" or "bitter" flavor 
(Keller, 1955 as cited in Morse, 1955; Ranken, 1976). Ranken 
(1976) stated that the bitter flavor of phosphates limits its 
use to no more than 0.5% of the product by weight but reports 
no specific findings in this regard. Hoes et al. (1980) 
claimed that the injection of a mixture of hexameta- and 
pyrophosphates at a 0.5% level into pork loins resulted in a 
less desireable flavor. These authors gave no indication as 
to how panelists described the flavor of phosphate-treated 
pork loins. This effect of phosphates may be a pH effect on 
flavor (McMahon and Dawson, 1976) or simply an effect of the 
phosphate anion, but has not been well documented in the 
literature heretofore. The possibility of soap formation, 
by the interaction of phosphates and free fatty acids, having 
an effect on flavor seems unlikely (Sherman, 1961b) unless 
the mixing action of phosphates within a meat emullsion is 
extremely slow or inefficient, according to Dr. E. G. 
Hammond, Professor, Department of Food Technology, Iowa State 
University. 
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In contrast, Schnell et al. (1973) found 0.5% Kena added 
to chicken frankfurters caused no significant change in 
flavor. Froning (1966) stated that the flavor of ground 
chicken meat was significantly altered by the addition of 
polyphosphates (Kena) but was only found objectionable at the 
2.0% level (as compared to 0.5% and 1.0%). The flavor change 
was described as "salty". However, McMahon and Dawson (1976) 
indicated that panelists often described Kena-treated sausage 
as being "more meat in flavor". 
The other effect of phosphates on cooked meat flavor 
involves the prevention of warmed-over flavor (Sato and 
Hegarty, 1971). This is due to the antioxidant role of phos­
phates (Watts, 1957), and is exemplified by the reduction in 
thiobarbituric acid (TBA) values in cooked meat treated with 
phosphates (Mahon, 1962; Sato and Hegarty, 1971). 
This antioxidant activity of phosphates is probably due 
to the chelation of free metallic cations or pro-oxidants 
from the meat system (Watts, 1950). The degree of antioxi­
dant activity of phosphates may be determined by the degree 
of polymerization of phosphorous atoms in the phosphate mole­
cule (Watts, 1950), as the order of increasing effectiveness 
in rancidity of lard was reported as: orthophosphate, pyro­
phosphate and hexametaphosphate. Orthophosphates were found 
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to interfere with the antioxidant effect of the more poly­
merized phosphates. Furthermore, the addition of ascorbic 
acid with phosphates to meat appears to act synergistically 
to protect the meat against rancidity (Tims and Watts, 1958). 
Synergism with sodium chloride 
The combination of salt (NaCl) with phosphates is 
reported to have a synergistic effect on water retention, and 
cured meat volume (Mahon, 1961; Ranken, 1976). Sherman 
(1962) claimed that the combination of salt and phosphate 
caused greater absorption of sodium and chloride than would 
be expected from the contributions of salt and phosphate to 
ion absorption when added alone. 
Mahon (1961) explained this phenomenon by showing that 
the addition of 4 to 5% NaCl gives protein a net positive 
charge. This, he claimed, is due to the net negative charge 
of proteins on the alkaline side of the isoelectric point of 
meat, which resuxts in a preferential absorption of sodium 
(Na+) ions. This net positive charge would cause the protein 
to more strongly attract the negatively charged phosphate 
anions. This theory is supported by reports of Klotz (1950), 
Sherman (1961a) and Sherman (1962) but contradicts the 
chloride ion effect on proteins theorized by Schut (1976). 
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Hydrolysis of phosphates in water 
In water, all condensed phosphates are degraded to an 
eventual end product - orthophosphate (Van Wazer, 1971). 
This degradation involves a simple reaction between water and 
phosphate anions (McGilvery and Crowther, 1954) and occurs as 
such; 
P-O-P + H-O-H + p-OH + P-OH 
This reaction between phosphate anions and water may be 
referred to as hydrolysis, hydration or reversion (Green, 
1950). The rate of phosphate hydrolysis depends upon a 
number of factors, including: solution temperature, pH, 
existence of colloidal gel, presence of complexing cations 
and enzymes, phosphate concentration, and ionic environment 
(Karl-Kroupa et al., 1957). 
Bell (1947) claimed that aqueous solutions of condensed 
phosphates were more stable at lower temperature. This is 
supported by Griffith (1959). As an example, while only 20% 
of sodium tripolyphosphate in water may exist as 
tripolyphosphate after only 10 hours at 100°C, 80% of 
tripolyphosphate remains in the original form at 70°C after 
60 hours (Bell, 1947). 
The hydrolysis of phosphates is also affected by pH. 
Van Wazer et al. (1955) and Crowther and Westman (1954) 
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reported that the rate of hydrolysis of tripoly- and pyro­
phosphate is catalyzed by hydrogen ions at low pH. Green 
(1950) indicated that while sodium acid and tetra sodium 
pyrophosphates naturally hydrolyze at different rates, if pH 
was kept constant, the pyrophosphates would hydrolyze at the 
same rate. 
McGilvery and Crowther (1954) studied the effect of pH 
on the hydrolysis of pyrophosphate, pyrophosphate is 
polybasic and would yield a variety of anions upon ionization 
in water. These anions would include: 
HPgOy-s, and PgOy"^. The relative amounts of each anion 
would depend upon the pH (Fig. 2). McGilvery and Crowther 
(1954) suggested that if hydrolysis is simply a reaction 
between water molecules and phosphate anions, then as the 
phosphorous atoms become less negatively charged, the 
possibility of the proper orientation of water molecules on 
the phosphate anions may be more likely, resulting in 
increased hydrolysis. The negativity of the pyrophosphate 
anions decreases in order of; PgO^-^, HPgO^-S, HgPgO?"!, 
H^PgOy and the rate of hydrolysis of these anions increases 
in the same order. 
The rate of hydrolysis of tripoly- and pyrophosphates in 
water is increased by the addition of calcium cations and 
unaltered or decreased with the addition of magnesium cations 
(Green, 1950). 
Q I I I I I 1 I I I 
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Ml. of 0.1 N tetramethylammonium hydroxide. 
Fig. 2. Effect of pH on distribution of anionic species of 
pyrophosphate. A, H.P^O^; B, C, 
D, HPoOy"^; Ef VjO-j (McGilvery and Crowther, 
1954). 
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phosphate hydrolysis is also increased by enzymes, fre­
quently called phosphatases. In the muscle system, sodium 
tripolyphosphate and tetrasodium phosphate are hydrolyzed by 
phosphateses inherent to actomyosin (Yasui et al., 1964b). 
It is likely that these are the phosphatases responsible for 
hydrolyzing adenosine tripolyphosphate (ATP) in living muscle 
tissue (Bendall, 1971). This will be discussed later in 
greater detail. 
in addition, the concentration of phosphate in solution 
affects the rate of hydrolysis. Crowther and Westman (1954) 
claimed that at a constant pH the hydrolysis of phosphates is 
a first order reaction such that the rate is directly propor­
tional to concentration. Green (1950), while working with 
more dilute phosphate solutions (5 and 50 ppm), reported 
greater hydrolysis with 50 ppm of phosphate at pH 5.0 yet 
greater hydrolysis with 5 ppm at pH 9.0» 
The sodium ion has been reported to complex with phos­
phates in water (Batra and deMan, 1965) resulting in 
increased hydrolysis (Van Wazer et al., 1955). In contrast, 
the addition of 1% sodium hydroxide to phosphate solutions 
increases the stability of sodium acid pyro-, tetrasodium 
pyro- and tripolyphosphates (Bell, 1947). 
The processes and rates of hydrolysis vary with the 
different phosphates. Hexametaphosphate in water is par­
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tially hydrolyzed to orthophosphate and partially depoly-
merized to trimetaphosphate (Bell, 1947). Approximately 
twice as much phosphorous is reported to be hydrolyzed as is 
depolymerized. Some of the trimetaphosphate is hydrolyzed to 
tripolyphosphate. Bell (1947) indicated that hexametaphos-
phate is hydrolyzed faster in water than is tripolyphosphate. 
The addition of 1% NaOH to hexametaphosphate results in 
the conversion to tripoly- and orthophosphates, with no tri­
metaphosphate formed (Bell, 1947). This is due to the imme­
diate conversion of trimetaphosphate to tripolyphosphate in 
the presence of sodium hydroxide. 
Tripolyphosphate hydrolyzes in water at 100°C to equal 
moles of ortho- and pyrophosphates (Bell, 1947), and hydro­
lyzes almost three times faster in neutral and slightly 
acidic solutions at 60°C than pyrophosphate (van Wazer et 
al., 1955). Green (1950) claimed that after 22.5 hours at 
150°F (65.6°C) and 190°F (87.8°C) pyro- and tripolyphosphate 
were very similar in the extent of their hydrolysis over the 
pH range of 5.0 to 9.0. 
With the addition of 1% NaOH, tripolyphosphate is only 
slightly more stable to hydrolysis than with water alone 
(Bell, 1947). 
Sodium acid pyrophosphate hydrolyzes to orthophosphate 
much faster in water than tetrasodium pyrophosphate (Bell, 
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1947). This is probably due to the lower pH resulting from 
the ionization of the sodium acid pyrophosphate. Both pyro­
phosphates become very stable, even in 100°C water, upon the 
addition of 1% NaOH. 
Hydrolysis of phosphates in meat 
The hydrolysis of condensed phosphates in meat systems 
occurs very similarly to the hydrolysis in water (Sutton, 
1973), however the phosphatases in meat significantly 
increase the rate of hydrolysis (Karl-Kroupa et al., 1957). 
The communition of meat further increases the rate of phos­
phate hydrolysis (Mihalyi-Kengyel and Kormendy,1973). 
Sutton (1973), using p32 labelled tripolyphosphate, reported 
the hydrolysis of tripolyphosphate in beef and cod to proceed 
as follows: 
(PgOio)-^ (PgOy)-^ ^2 (P0^)-3 
In the case of beef, the kg is much lower than k^. Cod 
muscle differs from beef as k^ is nearly equal to k^ for cod. 
Furthermore, the k^ for beef is much lower than the kg for 
cod. 
The complete hydrolysis of inorganic phosphates to the 
orthophosphate form is an important concern as the orthophos­
phate form, particularly dibasic orthophosphate, has been 
credited with the efflorescence (Kiehl and Coats, 1927; 
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Corsico and Persian!, 1970) and crystal or "snow" formation 
of meat products (Tanasescu and Brad, 1970). 
Neraal and Hamm (1977a; 1977b) , in studying the occur­
rence of tripoly- and pyrophosphatase in beef longissimus 
muscle, observed remarkable differences between animals, and 
found the pyrophosphatase activity to be much lower than the 
tripolyphosphatase activity. Sutton (1973) also reported 
greater tripolyphosphatase activity than pyrophosphatase 
activity in beef muscle but observed little difference in the 
case of cod muscle. Mihalyi-Kengyel and Kormendy 
(1973) observed that while 40 to 50% of the added 
tripolyphosphate hydrolyzed immediately upon addition to 
minced meat at 4°C, a storage time of four days was required 
for the total hydrolysis of tripolyphosphate. On the other 
hand, the pyrophosphate hydrolysis was much slower during the 
first day, but was complete in only three days. Awad (1968), 
using beef round muscle, reported that tripolyphosphate was 
hydrolyzed at a faster rater than pyrophosphate. He believed 
this was due to the fact that the tripolyphosphate structure 
resembles ATP more closely than does pyrophosphate, and that 
the enzyme system of muscle which hydrolyzes ATP may find 
tripolyphosphate a more similar substrate with which to 
interact. 
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The phosphatase activity of muscle is affected by the 
time postmortem or the rate of postmortem glycolysis (Hamm 
and Neraal, 1977a). These authors observed an increase in 
tripolyphosphatase activity until rigor mortis is complete 
but the pyrophosphatase activity of muscle has been shown to 
decrease until rigor mortis has developed (Neraal and Hamm, 
1977c) . Little change in the activity of either phosphatase 
seems to occur after the development of rigor mortis. This 
may be due to the change in pH postmortem. The pH optima for 
tripoly- and pyrophosphatase activity are at pH 5.7 and 5.7 
to 7.0, respectively (Hamm and Neraal, 1977b). 
The addition of sodium chloride is also believed to 
affect the phosphatase activity of muscle. Sodium chloride 
activates the tripolyphosphatase activity of minced post-
rigor beef muscle and may be optimally effective at a level 
of 4-5% (Hamm and Neraal, 1977c). In contrast, these authors 
found the pyrophosphatase activity to be reduced with 
increasing concentration of added sodium chloride. These 
data are supported by Mihalyi-Kengyel and KÔrmendy(1973). 
Hamm and Neraal (1977d) reported that sodium chloride 
increased the maximum velocity (V^ax) for tripolyphos­
phatase and decreased the pyrophosphate. 
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The addition of sodium chloride to pre-rigor muscle 
causes pyrophosphatase activity to increase and tripolyphos-
phatase activity to decrease (Hamra and Neraal, 1977c). These 
authors suggested that the chloride ion may be affecting the 
phosphatase activity. Nakamura et al. (1969) observed both 
sodium and potassium chloride to inhibit pyrophosphatase, 
indicating a chloride ion effect, van Mazer et al. (1955) on 
the other hand, believed the sodium ion complexed with phos­
phates to affect the rate of hydrolysis. 
Increasing tripolyphosphate concentration, up to 0.8%, 
increases the tripolyphosphatase activity, while increasing 
the pyrophosphate concentration causes only a small increase 
in pyrophosphatase activity (Hamm and Neraal, 1977d). As 
mentioned previously, Crowther and Westman (1954) believed 
the hydrolysis of pyrophosphate at constant pH is a first-
order reaction while Green (1950) believed that the hydroly­
sis of phosphates was not strictly a first-order reaction. 
Selected strains of lactobacilli and micrococci have 
also been shown to hydrolyze hexameta- and tripolyphosphates 
(Cantoni et al., 1976). 
The increase in WHC of meat due to the presence of 
pyrophosphate is maintained after pyrophosphate is hydrolyzed 
to orthophosphate (Hamm and Neraal, 1977e) . The dissociation 
of actomyosin in the presence of sodium chloride is believed 
45 
to have an irreversible effect on the WHC of muscle (Sutton, 
1973; Hamm and Neraal, 1977c). jauregui (1981) found that 
the expressible moisture values, of ground trout muscle 
treated with pyro- and tripolyphosphates but no sodium 
chloride, decreased with increased storage time up to 48 
hours. Hexametaphosphate-treated trout muscle resulted in 
slightly increased expressible moisture values after 48 
hours. Swift and Ellis (1956) reported that treating beef 
with tetrasodium pyrophosphate and sodium chloride resulted 
in increased uncooked volume as storage time increased up to 
16 hours. Between 16 and 32 hours, there was only a slight 
further increase in uncooked volume. Bendall (1954) has 
examined the effect of various combinations of sodium 
chloride with pyro- and hexametaphosphates on cooked and 
uncooked meat volume and has found in one study that storage 
of the treated meat for an additional 24 hours had no effect 
on meat volume. 
In a second experiment, Bendall (1954) found that a 24 
hour storage increased the WHC of the pyrophosphate-treated 
sample by about 14% but the additional time had no effect on 
the control sample (1% sodium chloride only). The previous 
results indicate that phosphates, particularly tripoly- and 
pyrophosphates, could be added with preblended salt, causing 
no detrimental effects on WHC. 
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On the other hand, puolanne and Ruusunen (1980) found 
that phosphates (not specified) reduced the WHC of cooked 
sausages when added as a preblend but increased the WHC when 
added during chopping. 
In addition, increased temperatures increase the 
tripoly- and pyrophosphatase activities up to about 40°C 
where deactivation of the enzyme occurs (Neraal and Hamm, 
1977e). This is supported by previous studies on the 
temperature effects on the hydrolysis rates of phosphates in 
water. 
Low temperature treatment may serve to slow the phospha­
tase activity of meat. Sutton (1973) indicated that pyro­
phosphate is more stable in beef at 0°C than at 25°C. The 
stability of pyrophosphate at 0°C may help to explain why Acs 
et al. (1949) found pyrophosphate to only dissociate actomyo-
sin at low temperatures (0°C). Sutton (1973) showed that 
this low temperature effect may not hold true for all species 
of animals, as cod muscle hydrolyzes pyrophosphate at the 
same rate at both temperatures, 0°C and 25°C. However, the 
hydrolysis of tripolyphosphate was reduced in frozen cod. 
Douglass et al. (1979), using 3lp-FTNMR spectroscopy, showed 
there was substantial hydrolysis of polyphosphates in chicken 
frozen (-20°C) up to 43 months. 
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In addition, freezing and thawing of meat appears to 
have little effect on tripolyphosphatase activity but causes 
a reversible inhibition of pyrophosphatase activity (Neraal 
and Hamm, 1977e). 
Divalent cations and phosphate anions are also reported 
to affect the phosphatase activity of muscle. Neraal and 
Hamm (1977d) found that tripolyphosphatase activity was 
increased by the presence of magnesium chloride or ethylene 
diaminetetracetic acid and inhibited by calcium chloride and 
pyrophosphate, pyrophosphatase was reported to be activated 
by calcium chloride and high concentrations of magnesium 
chloride, but inhibited by low concentrations of magnesium 
chloride and the accumulation of orthophosphate (Neraal and 
Hamm, 1977f). 
Nakamura et al. (1969) studied the properties of pyro­
phosphatases in rabbit skeletal muscle. They reported on two 
kinds of pyrophosphatase in rabbit muscle. One was an acid 
pyrophosphatase found in the particulate matter sedimented at 
18,000 G while the other was a neutral pyrophosphatase found 
in the soluble fraction. The pH optima reported for these 
two phosphatases were 5.2 and 7.4, respectively. 
The acid pyrophosphatase, reported on by Makamura et al. 
(1969), is claimed to be relatively specific for pyrophos-
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phate but was also observed to hydrolyze ATP and 
hexametaphosphate at lower rates. Furthermore, the acid 
pyrophosphatase was found to be inhibited by increasing 
concentrations of magnesium chloride and calcium chloride 
(Nakamura et al., 1969), however, Roche (1950) claimed that 
this phosphatase was insensitive to divalent cations. 
The neutral pyrophosphatase has been shown to be highly 
specific for pyrophosphate and activated by magnesium 
chloride (Nakamura et al., 1969). Increasing pyrophosphate 
concentration increases the hydrolysis by the neutral pyro­
phosphatase, if the ratio of Mg/PgOy^ is greater than five, 
but causes a decrease in hydrolysis if the ratio is less than 
five (Nakamura et al., 1969). This magnesium chloride effect 
was supported by the work of Neraal and Hamm (1977f). Roche 
(1950) indicated that this neutral pyrophosphatase is also 
activated by zinc, manganese, cobalt and iron cations. While 
both sodium and potassium chloride inhibited the activity of 
the neutral pyrophosphate, the inhibition by potassium 
chloride was more pronounced than that by sodium chloride 
(Nakamura et al., 1969). Roche (1950) emphasized the partic­
ular abundance of the neutral pyrophosphatase in animal 
tissues. 
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Roche (1950) agreed with existence of the two pyropha-
tases mentioned by Nakamura et al. (1969) but also described 
a third pyrophosphatase with a pH optimum of 3.2 to 4.0. 
Dixon and Webb (1979) classified myosin ATP-ase as a pyro­
phosphatase and indicate that the alkaline phosphatases can 
hydrolyze ATP and pyrophosphate. To the contrary, Bailey 
(1942) reported that while myosin hydrolyzes ATP and tripoly-
phosphate, it alone does not hydrolyze ADP or pyrophosphate. 
Awad (1968) suggested that the reason tripolyphosphate was 
hydrolyzed to a greater extent than pyrophosphate in muscle 
was due to the greater similarity in the structures of ATP 
and tripolyphosphate. Lehninger (1975) stated that pyrophos­
phatases are important in the hydrolysis of pyrophosphate to 
orthophosphate to allow for the regeneration of ATP. 
Typically, ATP would be hydrolyzed to ADP and orthophosphate 
but may also be hydrolyzed to AMP and pyrophosphate. This 
reaction is observed during the activation of fatty acids and 
in the replication of DNA. 
phosphates and pH 
Phosphates affect the pH of water and meat. One percent 
solutions of the phosphates approved for use in meat products 
would result in the following pH values (Ellinger, 1972): 
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PH 
monosodium or potassium orthophosphate 4.4 
disodium or potassium orthophosphate 8.8 
sodium metaphosphate, insoluble 6.5 
sodium polyphosphate, glassy 7.0 
sodium or potassium tripolyphosphate 9.8 
tetrasodium or tetrapotassium pyrophosphate 10.2 
sodium acid pyrophosphate 4.2 
The effect of phosphates on the pH of meat is much less 
dramatic, probably due to the buffering capacity of meat. 
Wilson (1954) reported that the addition of 0.5% pyro- and 
tripolyphosphates only increased the pH of meat 0.60 unit; 
disodium - 0.5 unit; and hexametaphosphate - 0.1 unit. Mahon 
(1961) claimed that the addition of 0.2-0.5% tripolyphosphate 
increased the pH of meat by only 0.1-0.3 units. Shults et 
al. (1972) and Shults and Wierbicki (1973) indicated that 
pyrophosphate had the greatest effect on increasing meat pH 
but tripolyphosphate was much less effective. Also, hexa­
metaphosphate had little effect on meat pH. 
Numerous researchers have suggested that as pH increases 
moisture retention increases also (Swift and Ellis, 1956; 
Shults and Wierbicki, 1973; Puolanne and Matikkala, 1980). 
Tripolyphosphate may be an exception to this proposed rela­
tionship, as it is reported to have relatively more of an 
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effect on moisture retention than pH (Mahon, 1961; Shults et 
al., 1972). Ranken (1976) claimed he could find no relation­
ship between pH and cooking loss. 
It is believed that there may be a minimum pH for phos­
phates to favorably affect the WHC of meat. Hamm (1960) and 
Hellendoorn (1962) indicated that this pH minimum may be 
about 5.5, while Sherman (1961a) claimed the pH minimum is 
just below 6.25. All of these researchers reported that at 
increasingly higher pH, above the minimum, fluid retention 
continues to increase. Below the minimum, pyro- and tripoly-
phosphate have been shown to actually depress WHC 
(Hellendoorn, 1962). 
While Sherman (1961a) indicated that fluid retention did 
not correlate so well with pH at 100°C, Sherman (1961c) 
reported that as pH increased, the temperature required for 
protein coagulation rose linearly. However, Sherman (1961c) 
concluded that pH was not the only factor affecting the pro­
tein coagulation temperature. 
In addition, Sherman (1961c) found the pH of pork to 
increase with increasing temperature between 20 and 100°C. 
This phenomenon was observed with the addition of either salt 
or phosphate, however, the increase in the presence of phos­
phate was more gradual. 
Sherman (1961a) indicated that as pH increases, there 
was a simultaneous increase in the solubility of actomyosin. 
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As the actomyosin concentration increased in solution, more 
water was bound upon heating. This suggests another possible 
role of phosphates in increasing the WHC of meat. 
Finally, Sherman (1962) observed that the ratio of phos­
phate anion to sodium cation absorption by meat increased as 
pH increased, and has reported that ion absorption at low 
temperatures (0°C) is very important to fluid retention. 
Kiely and Martonosi (1968) also found the binding of pyro­
phosphate to myosin to increase as pH increased. It was 
proposed that this pH dependency may be due to configura-
tional changes in proteins (Sherman, 1962). 
The effects of phosphates on meat pH appear to be detri­
mental to cured color development. Pox and Thomson (1963) 
used phosphate buffers to study the formation of bovine 
nitrosylmyoglobin in the pH range of 4.5 to 6.5. At pH 5.5 
to 6.5, the nitrosylmetmyoglobin complex was stable for up to 
1 hour at 20°C. In contrast, at pH 4.5, the reduction of 
nitrosylmetmyoglobin to nitrosylmyoglobin occurred in a few 
minutes. However, when ascorbate was added, there appeared 
to be very little pH effect on this reaction. Baker et al. 
(1970) reported the production of a paler chicken frankfurter 
as the pH of the emulsion was increased from pH 4.6 to 8.6. 
The use of erythorbate or ascorbate in this study is not 
mentioned, however. 
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Cured color development of frankfurters with various 
phosphate combinations added has been found to be less than 
for frankfurters without phosphates if the cooking process 
began within 45 minutes after stuffing and the product was 
cooked for a total of 98 minutes. However, no difference in 
cured color development was found between treatments if the 
cooking process was delayed 140 minutes after stuffing and 
was carried out for an additional 15 minutes (Swift and 
Ellis, 1957). This would indicate that color development 
might be a problem for rapidly processed frankfurters con­
taining phosphates, however, it must be noted that these 
researchers had not used erythorbate or ascorbate, cured 
color accelerators. Wilson (1954), working with disodium, 
sodium hexameta-, sodium tripoly- and sodium pyrophosphates 
found none of the four phosphates to have any consistent 
effect on cured color development of emulsion meat products, 
with the exception of disodium phosphate which resulted in a 
poor cured color. However, Wilson (1954) permitted the emul­
sified product containing phosphates to stand overnight prior 
to heat processing. 
Many researchers have reported on the effect of pH on 
phosphate hydrolysis. In the studies of phosphate hydrolysis 
in water, the hydrolysis of condensed phosphates has been 
shown to be decreased with increased pH (Green, 1950; 
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McGilvery and Crowther, 1954; Van Wazer et al., 1955; 
Crowther and Westman, 1954; Karl-Kroupa et al., 1957). 
McGilvery and Crowther (1954) believed that the only role of 
pH was to determine the proportion of each ionization specie 
present in solution. Green (1950) proposed that, while 
sodium acid pyrophosphate hydrolyzes faster than tetrasodium 
pyrophosphate, the rates of hydrolysis of the different pyro­
phosphates would be equal at the same pH. Karl-Kroupa et al. 
(1957) claimed the hydrolysis of phosphates was 10 to 10 
times slower going from strong acid to basic conditions. 
The hydrolysis of tripoly- and pyrophosphates by meat 
proteins has also been shown to decrease with decreasing pH 
(Yasui et al., 1964b; Neraal and Hamm, 1977c). Neraal and 
Hamm (1977a) suggested that the rather large differences in 
tripolyphosphatase activity between the muscles of different 
animals was due to differences in pH. The pH optimum for 
tripolyphosphatase activity appears to be approximately pH 
5.6 (Hamm and Neraal, 1977b) and nearly 7.0 for pyrophospha­
tase (Hamm and Neraal, 1977b; Nakamura et al., 1969). 
Nakamura et al. (1969) also described a second acid pyrophos­
phatase found in muscle with a pH optimum of 5.2. 
Effects on pre-rigor meat 
Inorganic phosphates have been added, in combination 
with magnesium chloride, to pre-rigor beef with the intention 
of preventing rigor mortis (Streitel et al., 1977). However, 
these researchers found that the injection of pyrophosphate 
caused a quick and complete contraction. Kamstra and Saffle 
(1959) also observed the addition of hexametaphosphate to 
pre-rigor pork caused contraction followed by relaxation. 
Both groups indicated that pre-rigor injection of water also 
caused contraction of muscle but to a lesser extent as com­
pared to pyrophosphate (Streitel et al., 1977) and without 
the subsequent relaxation phase as in the case of hexameta­
phosphate (Kamstra and Saffle, 1959). Bozler (1952) observed 
that washing of glycerol-extracted muscle fibers caused a 
rapid and strong contraction. This effect was concluded to 
be due to the washing out of monovalent ions which results in 
an attraction of oppositely charged groups. Weber (1952) 
reported that pyrophosphate caused shortening of glycerinated 
muscle fibers in the presence of ATP, but produced relaxation 
in the absence of ATP. 
While Streitel et al. (1977) did not get the tenderiza-
tion expected with the addition of phosphates plus magnesium 
chloride, the addition of hexameta- and pyrophosphates have 
been shown to increase tenderness in beef (Carpenter et al.; 
Streitel et al., 1977) and pork (Kamstra and Saffle, 1959; 
Hoes et al., 1980). Hoes et al. (1980) remarked that the 
main disadvantage of hot processing, reduced tenderness, 
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could be overcome by the injection of phosphates within one 
hour postmortem. 
Researchers have described phosphate-treated pre-rigor 
meat as soft or "flabby" and dark in color (Carpenter, 1961; 
Kamstra and Saffle, 1959). Kamstra and Saffle (1959) claimed 
that hexametaphosphate treated pre-rigor pork felt sticky, 
and Hoes et al. (1980) found the addition of a mixture of 
pyro- and hexametaphosphates to pre-rigor pork loins resulted 
in a less desirable flavor and increased microbial contamin­
ation. 
The glycogen level of pre-rigor meat has been shown to 
decrease with the addition of hexametaphosphate (Carpenter et 
al., 1961) and pyrophosphate (Dalrymple and Hamm, 1974). In 
general, the pH has been shown to remain higher postmortem 
(Kamstra and Saffle, 1959; Carpenter et al., 1961) and the 
depletion of ATP increases (Dalrymple and Hamm, 1974) with 
the addition of hexameta-, and pyrophosphate, respectively. 
Antemortem injection of phosphates 
Huffman et al. (1969) reported on the antemortem infu­
sion of mature sheep with pyro- and hexametaphosphate solu­
tions. The phosphate treatments increased tenderness of 
ovine loin chops. This was particularly true for pyrophos­
phate injection at 48, 24 and 3 hours antemortem. The ini­
tial muscle pH was also lower for the four phosphate injec­
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tion treatments than the control. Phosphate infusions three 
hours or less antemortem resulted in a significantly lower 
pH. This is possibly due to exciting the animals just prior 
to slaughter. The pH of the phosphate injected lots 
increased and remained higher than the controls for the first 
four hours postmortem, then declined after 8 hours to a level 
lower than the controls at 24 hours postmortem. At 48 hours 
postmortem, the phosphate injected lots yielded pH values 
equal to or above the pH of the control. 
Sequestration of divalent cations 
Sequestration involves the formation of a soluble com­
plex between a cation and an anion (phosphate) rather than a 
precipitation. This is a competitive reaction between the 
stability of the precipitate and the sequestering anion. 
phosphate anions sequester cations in meat which gives 
phosphates an antioxidant role (Watts, 1950) and may serve to 
inhibit microbial growth (Cassidy, 1977). Inklaar (1967) 
reported that about 60% of the total calcium and 20% of the 
magnesium of muscle was tightly bound and was not affected by 
the addition of phosphates. This indicates that phosphates 
may affect only the free cations of muscle, yet free magne­
sium and calcium have been shown to increase with time post­
mortem (Arnold et al., 1956) . In contrast, Baldwin and deMan 
(1968) have shown that the addition of phosphates to beef 
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causes a decrease in the bound calcium and an increase in the 
free or soluble calcium but had no effect on the magnesium 
equilibrium. 
Herman and Swift (1964) questioned the benefit of cation 
sequestration by phosphates in salted meats. Their work 
indicated that the addition of sodium chloride (at 3°C) 
increased soluble magnesium and calcium by 28.6%-33.6% with 
only 4 and 20%, respectively, remaining in the insoluble 
phase. The sequestering role of phosphates may be limited to 
zinc, as with the addition of sodium chloride at 3°C, 47% of 
the zinc is still in the insoluble phase (Herman and Swift, 
1964). However, Swift and Herman (1959) found a direct and 
highly significant correlation between water retention and 
the zinc content of meat. 
The sequestration of calcium by phosphate anions in 
water increases with increasing chain length of phosphorous 
atoms (Hafford et al., 1946; Van Wazer and Callis, 1958) with 
the exception of orthophosphate which seems to cause precipi­
tation with calcium (Irani and Callis (1962), or no effect at 
all (Batra and deMan, 1965; Haldwin and deMan, 1968). The 
effect of phosphate mixtures on calcium sequestration has 
been described as additive (Irani and Callis, 1962). Fur­
thermore, sequestration of calcium by tripoly- and tetraso-
dium pyrophosphates decreases with decreasing pH in the pH 
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range of 5 to 11 (Irani and Callis, 1962). This pH effect is 
attributed to competition. This sensitivity to pH change 
decreases with increasing chain length (Irani and Callis, 
1962). 
Calcium sequestration by various phosphate salts is also 
greater at 60°C than at 25°C (Irani and Callis, 1962). This 
is purportedly due to a decrease in resistence to sequestra­
tion at higher temperatures. The stability of the calcium 
phosphate complexes, however, has been shown to be indepen­
dent of temperature (Irani and Callis, 1962). 
The sequestration of magnesium is much greater than that 
of calcium (Irani and Callis, 1962). Van Wazer and Callis 
(1958) reported that 5-10 times more magnesium was seques­
tered by phosphates than calcium. This is due to the magne­
sium complexes being more soluble in water than the calcium 
complexes. The same effect may likewise hold true in muscle 
as Assaf and Bratzler (1966) have shown that magnesium is 
bound much less tightly to muscle than calcium. As in the 
case with calcium sequestration, the stability of magnesium 
complexes are temperature independent, yet sequestering of 
magnesium has been shown to increase with increasing tempera­
ture (irana and Callis, 1962). Tetrasodium pyrophosphate is 
the best on a weight basis of the phosphates in sequestering 
magnesium (Irani and Callis, 1962). 
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The sequestration of iron by phosphates in water is 
considerably less than that of calcium (Van Mazer and Callis, 
1958). This is believed to be due to the strong complexes 
generally formed by iron. This phenomenon would probably 
hold true in a meat system as well, as iron has been shown to 
be one of the strongest bound cations in muscle (Assaf and 
Bratzler, 1966). 
Increasing phosphate chain length causes decreased se­
questration of ferric iron (Irani and Morgenthaler, 1963). 
While orthophosphates are credited with forming more stable 
complexes with the transitional elements than the alkaline 
earth metals (Van Wazer and Callis, 1958), Irani and 
Morgenthaler (1963) observed little sequestration of iron by 
orthophosphates and Watts (19 50) reported orthophosphate to 
provide very little antioxidant effect, phosphates form even 
weaker complexes with ferrous iron (Irani and Morgenthaler, 
1963). 
Antioxidant role 
The antioxidant role of polyphosphates is two-fold. 
Firstly, phosphates are credited with preventing warmed-over 
flavors and this was discussed previously in the flavor 
effects of phosphates. The second antioxidant-type effect is 
in preventing cured color fading. Watts (1957) reported that 
tripoly- and hexametaphosphate stabilized or protected the 
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cured color of hams from fading. Similarly, vollmar and 
Melton (1981) indicated that panelists assigned higher color 
scores to all phosphate-treated hams than to hams without 
added phosphate. On the other hand, Wilson (1954) found 
little difference between phosphates studied on cured color 
fading of sausage, with the exception of disodium orthophos­
phate which caused more rapid fading. 
Effects on emulsion viscosity 
The viscosity of meat emulsions has been shown by 
various researchers to decrease upon the addition of poly­
phosphates. The effect of phosphates on the viscosity of 
protein solutions and homogenates has been discussed pre­
viously. 
Toth and Hamm (1969) indicated that while pyrophos­
phate had no effect on viscosity of emulsions made from pre-
rigor meat, the viscosity of post-rigor meat emulsions was 
reduced with the addition of 0.3 to 0.5% pyrophosphate and 
salt. Dopner (as cited in Morse, 1955) observed that the 
addition of 0.5% phosphate by weight resulted in a "loose or 
sloppy consistency", similar to a very poor emulsion. 
Schnell et al. (1973) claimed that phosphates (Kena) markedly 
decreased viscosity in mechanically deboned poultry emul­
sions. Hargett et al. (1980) found sodium acid pyrophosphate 
to lower the viscosity of emulsions, and went on to propose 
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that the lowered viscosity resulted in a reduction in fric-
tional heat build-up. Similarly, Swift and Ellis (1957) 
reported that the rate at which emulsion temperatures 
increased during chopping was significantly lower with the 
addition of phosphates. The effect on the viscosity of emul­
sions would appear to be less specific for pyrophosphate than 
in the cases of protein solutions and homogenates. 
Effects on water-holding capacity (WHC) 
The effects of phosphates on the WHC of meat has been 
examined by many researchers using a variety of approaches. 
The following discussion is intended to summarize the diverse 
studies on the WHC of phosphate-treated meat. 
Alkaline phosphates, particularly pyro-, tripoly- and 
hexametaphosphates, have been shown to increase yield or 
decrease shrink of pork or beef products (Shults et al., 
1972; Wierbicki et al., 1976; Hoes et al., 1980). Rongey and 
Bratzler (1966) reported that the addition of a mixture of 1 
part Kurral's salt and 3 parts pyrophosphate at 0.3% in the 
presence of salt, resulted in better yields than the addition 
of 10% nonfat dry milk or 10% soya grits. Hargett et al. 
(1980) failed to find any improvement in cooked yields of 
frankfurter emulsions treated with sodium acid pyrophos­
phates . 
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A number of investigators have concluded that the phos­
phate effect on WHC of meat is improved with the addition of 
sodium chloride (Mahon, 1961; Shults and Wierbicki, 1973; 
Wierbicki et al., 1976). Bendall (1954) claimed that pyro­
phosphate plus sodium chloride resulted in more than twice 
the effect of sodium chloride alone at the same ionic 
strength. Mahon (1961) as well as Puolanne and Ruusunen 
(1980) have indicated that 4.0% sodium chloride is the opti­
mum level to combine with phosphates to achieve maximum 
WHC. 
The different phosphate salts vary in the magnitude of 
their enhancement of WHC. The results of Shults et al. 
(1972) and Shults and Wierbicki (1973) indicated that pyro­
phosphate had the greatest effect on WHC, followed by 
tripolyphosphate, Kena and Curafos 22-4. Hamm (1980) claimed 
that tripolyphosphate did not increase WHC until it was 
hydrolyzed to pyrophosphate, jauregui (1981) found that 
while there was no difference in tripoly- and pyrophosphate 
on "water binding potential" on a molar basis, pyrophosphate 
was more effective than tripolyphosphate on a per cent basis. 
This might be expected as on an equimolar basis, pyrophos­
phate would be added at a lower percentage level, jauregui 
(1981) listed the increasingly effective order of salts at a 
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1% level on the WHC of front as: hexametaphosphate, sodium 
chloride, tripoly- and pyrophosphate. 
In contrast, Hamm (1960) reported that at a constant 
ionic strength of 0.3 and pH of 6.4, the order of phosphate 
salts causing increasing effect on meat hydration would be: 
sodium monobasic, pyro-, hexameta- and tripolyphosphate. 
Tims and Watts (1958) observed the order of increasing effect 
to be: hexameta-, pyro-, ortho- and tripolyphosphate. While 
Wierbicki et al. (1976) indicated that tripoly- and pyrophos­
phate gave essentially the same effect on WHC, tripoly­
phosphate was always slightly more effective in improving 
W.H.C. in ground ham than pyrophosphate at equal molar con­
centration. 
Jauregui (1981) observed that pyro- and tripolyphosphate 
resulted in a greater reduction of "expressed moisture" in 
trout muscle than hexametaphosphate, yet the higher molecular 
weight phosphates increased the "water-binding properties" 
(WBP) of trout more than the lower molecular weight phos­
phates. The orthophosphates effect on the WBP was very 
small. 
Some researchers claim that cooking meat may actually 
enhance the phosphate role in increasing WHC. Grabowski and 
Hamm (1979) found that 0.3% pyrophosphate only affected the 
WHC of meat emulsions when cooked. Hellendoorn (1962) also 
65 
reported that while sodium acid pyrophosphate diminished the 
swelling of uncooked meat, it enhanced the swelling of cooked 
meat. Bendall (1954) described a linear relationship between 
uncooked and cooked volume of phosphate-treated meat. Swift 
and Ellis (1956) also reported a linear relationship between 
uncooked and cooked meat volume when sodium chloride alone 
was added; however, they proposed a curvilinear relationship 
when phosphates were added. This suggested that phosphates 
exerted a more positive influence on the cooked volume than 
the uncooked volume. 
In addition, the phosphate effect on WHC is more 
significant as cooking temperature increases (Swift and 
Ellis, 1957). This may be explained by the discovery that 
the addition of various phosphates increased the temperature 
at which fluid release from lean pork began. This increase 
was from 40°C for sodium chloride alone, to 65-75°C for 
sodium chloride and phosphates (Sherman, 1961c). 
The effect of phosphates on WHC may also be a pH effect 
(Hamm, 1960). Hellendoorn (1962) indicated that sodium acid 
pyro- and tripolyphosphates decreased the pH of minimum 
WHC in uncooked meat and Puolanne and Matikkala (1980) found 
that optimum pH for WHC was higher in the presence of salt 
and phosphates than salt alone, jauregui (1981) observed 
that while hexametaphosphate did not increase the pH of trout 
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muscle, tripoly- and, particularly, pyrophosphate did 
increase the pH. Jauregui (1981) proposed that nearly 80% of 
the effect of tripoly- and pyrophosphates on water binding 
was due to a pH effect. 
There is some indication that an ionic strength of at 
least 0.40 is needed to get the specific effect of phosphates 
on WHC (Hellendoorn, 1962) and this effect increases with a 
further increase in ionic strength. Sherman (1961a) proposed 
that increasing ionic strength caused increased anion absorp­
tion and that phosphates effect on fluid retention correlated 
well with anion absorption. Later, Sherman (1962) stated 
that the phosphate effect at 0°C was due to anion absorption, 
jauregui (1981) claimed that the effect of hexametaphosphate 
on WHC of trout muscle was due to a specific anion effect, as 
hexametaphosphate was observed to be the only phosphate to 
actually bind to proteins. 
While the sequestration of divalent cations in meat is 
reported to occur, the relative effect of this sequestration 
on the phosphate effect of WHC is believed to be rather 
limited (Sherman, 1961a; jauregui, 1981). In both studies, 
ethylene diaminetetraacetic acid (EDTA), a powerful séques­
trant, was shown to have much less effect on WHC than phos­
phates. However, Hamm (1971), citing Hamm, 1955, claimed 
that phosphates increased WHC of meat less when the meat had 
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a lower content of bound calcium and magnesium than normal 
meat. 
Finally, Sherman (1961a; 1961c; 1962) supported the 
theory that the main effect of phosphates on the WHC of meat 
was in its effect on the solubilization of proteins. He 
believed that the concentration of solubilized proteins with­
in a meat system, which gel upon heating, is an important 
influence upon the retention of moisture at 100°C. 
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MATERIALS AND METHODS 
Experiment I 
This experiment was designed to include emulsion pro­
ducts made with two levels of salt (Nad) (0.75% and 1.50% in 
the final product), and two levels of inorganic phosphates 
(0.15% and 0.30%). Four inorganic phosphates were compared 
at each salt and phosphate level combination. This resulted 
in a 2x2x4 factional combination or 16 treatments per repli­
cate. This experiment was replicated three times. 
Meat ingredients and formulation 
All meat was purchased from a local supplier and pro­
cessed in the lowa State University Meat Lab. Lean beef 
(90/10), regular pork (50/50) and beef fat were ground 
through 3/16" (4.8 mm) plates on a Weiler & Company Grinder 
(Model 6) and were mixed separately. The fat content of each 
meat type was determined using a 13.0 lb. sample by the Anyl-
Ray method (Kartridge-Pak, Davenport, lA). The meat block 
was formulated to 34% fat and an equal quantity of pork and 
beef was used to obtain that level of fat (Table 2). The 
beef and pork for each treatment were weighed into polyeth­
ylene bags and stored in a -20°C (-4°F) freezer for a period 
no longer than two months. Twelve hours prior to processing. 
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the meat was removed from the freezer and tempered in water 
in a -1.7°C (29°F) cooler. 
Non-meat ingredients 
The phosphates used included sodium tripolyphosphate and 
tetrasodium pyrophosphate (provided by Stauffer Chemical 
Company, Pittsburgh, PA) plus potassium tripolyphosphate and 
tetrapotassium pyrophosphate (provided by B. K. Ladenburg). 
These emulsions also contained 0.0156% (156 ppm) sodium 
nitrite, 0.055% (550 ppm) sodium erythorbate and 0.5% Hellers 
Kosher Bologna Spice #531 (Table 2). These concentrations 
were calculated based on the final weight of the emulsion 
with a projected cooked yield of 93%. 
Table 2. Emulsion formula: Experiment I 
Ingredient Weight (g) 
Beef (8.4% fat) 
Pork (50% fat) 
Ice 
1542.2 
1360.8 
580.6 
Sodium chloride (0.75%) 
Sodium chloride (1.50%) 
27.581 
55.161 
Phosphate (0.15%) 
phosphate (0.30%) 
5.516 
11.033 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
Heller's Kosher Bologna Spice #531 (0.5%) 
0.574 
2.023 
18.387 
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Sample preparation 
A meat emulsion was made in a Hobart food chopper (Model 
8418ID) in a -1.7°C (29°F) cooler. The chopper bowl was 
chilled overnight in a -1.7°C (29°F) cooler and was placed in 
ice between each batch. The lean beef was chopped for 30 
seconds prior to the addition of salt, phosphate and ice. 
This mixture was chopped to 4.4°C (40°F), at which time the 
pork portion, sodium nitrite, sodium erythorbate and spice 
were added. Chopping continued until the emulsion reached a 
temperature of 12.7°C (55°F). 
The emulsions were then placed in labelled polyethylene 
bags for handling during subsequent laboratory analysis. 
Analysis 
Soluble protein 
The (salt) solubilized protein content was determined by 
a modification of the method of Saffle and Galbreath (1964). 
Three ten g samples of each raw emulsion were homogenized, 
with 100 ml unbuffered 0.6 M NaCl for 15 sec using a virtis 
"45" homogenizer at speed position 60. This homogenate was 
quantitatively transferred to 250 ml bicarbonate centrifuge 
bottles, and centrifuged for 15 minutes at 5,500 rpms (5,000 
Xg) and 5°C in a Beckman J-21C refrigerated centrifuge. 
Following centrifugation, the fat layer floating on the sur 
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face was gently moved to one side with a stainless steel 
spatula, so that 1 ml aliquots in duplicate could be drawn 
from the clear salt and solubilized protein solution. To 
each 1 ml of solution was added 5 ml of Biuret reagent 
(Gornall et al., 1949). This mixture was vortexed and 
allowed to stand for 15 minutes for optimum color develop­
ment. Optical density was then read on a Beckman Spec 20 at 
540 nm. The optical density was then converted, using a BSA 
standard curve to milligrams (mg) protein per ml solution. 
The total volume of solution in each centrifuge bottle was 
measured and multiplied times the mg/ml value resulting in 
"total mg protein". The 10 g weight was divided into the 
"total mg protein" and recorded as mg soluble protein per g 
emulsion sample. 
Emulsion stability 
Emulsion stability was assessed by the method of 
Townsend et al. (1968). Thirty-four g (± .05 g) of raw emul­
sion were hand stuffed in triplicate into 22.2 x 101.6 mm (.7 
X 4 in) polycarbonate tubes (35 cc Monoinject syringe 
barrels), using a modified plastic silicone cartridge and 
grease gun ratchet (Fig. 3). The small end of the tubes was 
stoppered. After the chopping of all emulsions was com­
pleted, and all tubes were filled, the tubes were placed in a 
48.9°C (120°F) water bath. The temperature of the water was 
'vrvrvTwrrcvwrrvirr 
Fig. 3. Stuffing gun and cartridge 
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raised so that the internal temperature (monitored at 3 cm 
below the surface of the emulsion and in the geometric center 
of the tube contents) reached 68.8°C (156°F) in 1.25 to 1.5 
hours. The tubes were inverted over funnels, allowing the 
rendered fraction to be decanted into 15 ml graduated conical 
tubes. The tubes were centrifuged for 20 minutes at 3/4 
speed using an international (Universal Model UV) centrifuge. 
The volume of released fat, gel-liquids and solids per 34 gm 
emulsion was recorded. 
PH 
The pH of emulsion slurries was determined using a 
standardized, Fischer Accumet Selective Ion Analyzer Model 
750 (pH meter) fitted with a combination pH electrode. pH 
values were converted to real numbers for statistical 
analysis. 
Water-holding capacity 
A water-holding capacity test was developed which 
involved adding 12 ml physiological saline (Appendix) to 40 g 
of raw emulsion in 50 ml polycarbonate centrifuge tubes. The 
tube contents were mixed with a glass stirring rod, 
centrifuged at 10,000 Xg for 15 minutes on a Beckman J-21C 
refrigerated centrifuge. Duplicate samples were centrifuged 
immediately while an additional set of duplicate samples were 
held for 24 hours at 4°C prior to centrifugation. Following 
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centrifugation, samples were inverted in funnels over 15 ml 
graduated conical tubes. The milliliters of expressed fluid 
were recorded. 
Compression testing 
Three 12.5 mm (dia.) x 12.5 mm (length) samples per 
treatment were used for compression testing. Samples were 
compressed to 50% of their length, using an Instron 1122 with 
a 500 Kg loadcell. The Instron was set at a crosshead speed 
of 200 mm per minute and a chart speed of 400 mm per minute. 
Salt analysis 
The salt (NaCl) content of the raw emulsions was 
measured using a Fischer Accumet Selective Ion Analyzer Model 
750, fitted with an Orion Chloride electrode (model 94-17) 
and a double junction reference electrode. Salt determina­
tion was done according to procedures developed by Orion 
Research, Inc. (1980). 
Five (± 0.01 g) g of raw emulsion was added to a 150 ml 
beaker. Small aliquots of the extracting solution (Appendix) 
were stirred into the emulsion with a glass stirring rod 
until a homogeneous slurry was formed. The balance of the 
extracting solution (100 ml total) and boiling beads was 
then added to the slurry. The beaker was covered with a 
watchglass and heated to a boil on a hot plate. A slow boil 
was maintained for 5 minutes. The contents were allowed to 
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cool to room temperature prior to the chloride ion 
measurement. 
The Selective Ion Analyzer (Fischer Scientific) was 
standardized with 0.5% and 5.0% NaCl solutions (Appendix). 
The total millivolt difference of the two standard solutions 
equalled 57.1 ± 2.0. 
Phosphate analysis 
A gravitimetric Quimociac Molybdophosphate method was 
used (A.O.A.C., 1970) to measure the phosphorous pentoxide 
concentration of the raw emulsion. This method entails 
digestion of the sample with nitric acid to solubilize the 
phosphate and to hydrolyze the condensed phosphate to the 
orthophosphate form. Sulfuric acid was added to prevent fat 
separation during analysis. Orthophosphate was precipitated 
as quinolium phosphomolybdate (CgH/N)3Hg'[P0^12Mo0gj 
containing 3.207% PgOg. 
One (1.00) g of raw emulsion was weighed into a 250 ml 
Erlenmeyer flask. Five ml of concentrated (71%) nitric acid 
and 6 boiling chips were added. The mixture was heated on a 
hot plate until all meat was dissolved and solution was 
clear.' Twenty-five ml of sulfuric acid (95-98%) were added, 
followed by 3.0 g NaNOg. This mixture was further heated 
until a yellow color was obtained and allowed to cool. One 
hundred ml of distilled/deionized (d/d) water were added and 
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the solution was again heated until clear. Contents were 
then poured into a 200 ml volumetric flask and filled to 
volume with d/d water. A sixty-five ml aliquot diluted to 
100 ml with d/d water was transferred to a 250 ml Erlenmeyer 
flask. Fifty ml of Quimociac reagent (Appendix) were added 
and the flask was covered with a watch glass. This was 
boiled for one minute and cooled with stirring to room tem­
perature. 
Coors Gooch Crucibles (No. 3) were prepared by passing 
approximately 100 ml of hot d/d water through the crucible 
containing a glass fiber filter (2.1 cm, Reeve Angel No. 934 
AH). The crucibles were dried overnight prior to use (at 
100°C), cooled in a desiccator and weighed. 
The precipitate formed was filtered through the Gooch 
crucible and washed with multiple aliquots of d/d water. 
Crucible and contents were dried at 100°C overnight, allowed 
to cool in a desiccator and weighed again. The weight of the 
precipitate was calculated by subtracting the weight of the 
empty crucible from the weight of the crucible and precipi­
tate. Emulsions with no added phosphate were analyzed as the 
blanks. The weight of the dried precipitate of the blanks 
was subtracted from the weight of the dried precipitate of 
the phosphate-treated emulsions. The difference was multi­
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plied by 9.87 and one of the following factors to determine 
the % added phosphate: 
Factor 
sodium tripolyphosphate 1.73 
tetrasodium pyrophosphate 1.88 
sodium acid pyrophosphate 1.56 
sodium hexametaphosphate 1.44 
potassium tripolyphosphate 2.10 
tetrapotassium pyrophosphate 2.33 
proximate analysis 
Moisture, protein and fat content were determined on the 
raw emulsion by A.O.A.C. methods (1975). 
Experiment II 
This experiment consisted of a 0.75% sodium chloride 
control, a 0.3% sodium tripolyphosphate treatment and a 0.3% 
tetrasodium pyrophosphate treatment. These three treatments 
were applied to preblended lean and non-preblended lean for a 
total of six treatments per replicate. This experiment was 
replicated three times. 
The meat was purchased, formulated, frozen and chopped 
as described in Experiment I. The meat for the preblended 
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treatments was removed from the freezer approximately 48 
hours prior to chopping and was preblended with the sodium 
chloride and phosphates 16 hours prior to chopping. This was 
held at -1.7°C (29°P). The meat for the non-preblended 
control treatments was removed from the freezer 24 hours 
prior to chopping and held at -1.7°C (29°F). 
Table 3 lists the meat and non-meat ingredients used in 
this experiment. The phosphates used in this experiment were 
courtesy of Stauffer Chemical Co. (Pittsburgh, PA). 
The data collected in this experiment consisted of the 
protein solubility test, Townsend emulsion stability test, pH 
measurement, and assays for salt (NaCl), phosphate, moisture, 
protein and fat content as described in Experiment I. in 
addition, the chopping time required to reach 4.4°C (40°F) 
and 12.8°C (55°F) was monitored. 
Compression testing 
Compression testing was carried out as described in 
Experiment I, with one modification. Samples were compressed 
twice and the ratio of the second peak area to the first peak 
area was used to evaluate cohesiveness. Hardness was 
monitored with the height of the first peak. 
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Table 3. Emulsion formula: Experiment II 
Ingredient Weight (g) 
Beef (18.6% fat) 1605.7 
pork (50% fat) 1360.8 
Ice 580.6 
Sodium nitrite (0.0156%) 0.506 
Sodium erythorbate (0.055%) 1.783 
Heller's Kosher Bologna Spice #531 (0.50%) 16.212 
Treatment combination #1 
Sodium chloride (0.75%) 24.312 
Treatment combination #2 
Sodium chloride (0.75%) 24.312 
Sodium tripolyphosphate (0.30%) 9.725 
Treatment combination #3 
Sodium chloride (0.75%) 24.312 
Tetrasodium pyrophosphate (0.30%) 9.725 
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Experiment III 
The three treatments in this experiment consisted of the 
ingredients listed in Table 4. The difference in the 
treatments involved the order of the addition of sodium 
chloride and tetrasodium pyrophosphate to the meat during the 
chopping process. One treatment involved the addition of 
sodium chloride approximately two minutes prior to the 
phosphate. Another involved adding the phosphate two minutes 
prior to the sodium chloride and the third treatment consists 
of adding these two ingredients simultaneously. The meat was 
Table 4. Emulsion formula: Experiment III 
Ingredient Weight (g) 
Beef (18.6% fat) 
pork (50% fat) 
Ice 
1605.7 
1360.8 
580.6 
Sodium chloride (0.75%) 
Tetrasodium pyrophosphate (0.30%) 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
Heller's Kosher Bologna Spice #531 (0.50%) 
24.312 
9.725 
0 .506 
1.783 
16.212 
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purchased, formulated, frozen, thawed and chopped as 
described in Experiment I. This experiment was replicated 
four times. 
Data were collected in this experiment using the 
procedures in Experiment ii. 
This experiment was designed to compare characteristics 
of emulsions prepared using dry and dissolved tetrasodium 
pyrophosphate. The meat used was purchased, formulated, 
frozen, thawed and chopped as described in Experiment I, with 
the exception that both ice and water were added to the meat 
ingredients while chopping. The formulation used is given in 
Table 5. For the phosphate solution, the given weight of 
Experiment IV 
Table 5. Emulsion formula: Experiment IV 
Ingredient Weight (g) 
Beef (18.6% fat) 
pork (50% fat) 
Ice (distilled/deionized) 
Water (distilled/deionized) 
1605.7 
1360.8 
435.5 
145.1 
Sodium chloride (0.75%) 
Tetrasodium pyrophosphate (0.30%) 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
Heller's Kosher Bologna Spice #531 (0.50%) 
24.312 
9.725 
0.506 
1.783 
16.212 
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phosphate was dissolved in a given amount of water and added 
to the chopper with the sodium chloride. The dry phosphate 
treatment involved adding the dry pyrophosphate to the 
chopper along with the sodium chloride and the amount of 
water equivalent to that used to dissolve the pyrophosphate 
in the first treatment. This experiment was replicated four 
times. 
The data were collected using the procedures described 
in Experiment II. 
Experiment v 
This experiment entailed the comparison of the use of 
sodium hydroxide alone in a meat emulsion to the use 
pyrophosphate and a combination of the two previously 
mentioned ingredients. The sodium hydroxide was added at the 
rate of 1 part to 4 parts phosphate as per USDA regulations. 
The formulation for the ingredients used is given in Table 6. 
The quantity of water in the 0.5 M sodium hydroxide solution 
was not compensated for in the treatments not containing 
sodium hydroxide. In this experiment, half the ice was added 
to the chopper with the lean beef, salt, etc. and the balance 
was added later with the pork. This experiment was 
replicated four times. 
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Data were collected on this experiment as described in 
Experiment II. 
Table 6. Emulsion formula: Experiment V 
ingredient Weight (g) 
Beef (19% fat) 1383.48 
Pork (47.7% fat) 1519.56 
Ice (distilled/deionized) 580.6 
Sodium chloride (0.75%) 24.312 
Tetrasodium pyrophosphate (0.30%) 9.725 
Sodium hydroxide (0.5 N) solution (0.075% NaOH) 81.1 
Sodium nitrite (0.0156%) 0.506 
Sodium erythorbate (0.055%) 1.783 
Heller's Kosher Bologna Spice #531 (0.50%) 16.212 
Experiment VI 
This experiment consisted of comparing the use of four 
phosphates (hexameta-, sodium acid pyro-, sodium tripoly- and 
tetrasodium pyrophosphate) with and without the addition of 
sodium hydroxide in meat emulsions. Cold (-1.7°C) distilled 
and deionized water was added in place of ice with the lean 
beef, salt, etc. and included the sodium hydroxide. The ice 
was added later with the pork. No natural spice was added to 
the emulsions in this experiment as the spice particulate 
matter could affect the Hunter Lab values. The formulation 
of ingredients is given in Table 7. This experiment was 
replicated three times. 
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The Townsend stability test was modified in this 
experiment such that the tubes were added to a constant 
temperature shaking water bath (at 80°C) within 5 minutes 
after chopping was completed and cooked for 20 minutes. The 
volume of released fat, gel-liquid, and solids was recorded. 
The pH was recorded for the raw emulsion and the cooked 
samples from the Townsend stability test as described in 
Experiment I. 
Hunter Color Lab evaluation 
Color of the cooked samples from the Townsend stability 
test was evaluated using the Hunter Color Lab (Model D25) 
standardized with the pink tile (Koivistoinen and Loukimo, 
1969). The small port (13 mm dia.) was used to examine the 
Table 7. Emulsion formula: Experiment VI 
Ingredient Weight (g) 
Beef (19% fat) 
pork (47.7% fat) 
Water (distilled/deionized) 
Ice (distilled/deionized) 
1383.48 
1519.56 
256.8 
256.8 
Sodium chloride (2.25%) 
Tetrasodium pyrophosphate (0.50%) 
Sodium hydroxide (1 N) solution (0.125%) 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
72.936 
16.208 
67.57 
0.506 
1.783 
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reflective properties of cross-sectional surfaces of the 
cooked samples resulting from the Townsend emulsion stability 
test. Each of the three cooked samples was examined at three 
places along the length of the sample for a total of nine 
observations per treatment. The samples were held at 4°C for 
24 hours prior to color evaluation and sample temperature was 
held constant during the time required for the color evalua­
tion. The standardization of the Hunter unit was checked 
after each sample using the pink tile. 
A portable Induction Test Meter (Type IB-F, General 
Electric Company, U.S.A.) was used to measure the amperes of 
electrical current required by the Hobart laboratory chopper 
over a time period of 9 minutes. This procedure was intended 
to monitor changes in viscosity of the emulsions due to dif­
ferent treatments. 
The time required for chopping was recorded at 7.2°C 
(45°P) and 12.8°C (55°F). 
Assays for salt (NaCl), phosphate, moisture, protein and 
fat were carried out as described in Experiment i. 
Experiment VII 
The design of this experiment was nearly identical to 
that of Experiment VI. There were some modifications, such 
as: only fresh (no frozen) meat was used in this experiment 
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and the emulsions were made using a Kramer-Grebe Model VSM 65 
vacuum chopper (6 blade head). The lean beef portion was 
added to the chopper, followed by the salt, phosphate and 
sodium hydroxide solution or water (where applicable) and 
chopped at low bowl and high knife speeds to a temperature of 
8.6°C (47.5°F). At this point, the fat pork portion, spice, 
sodium nitrite, sodium erythorbate, and the ice were added to 
the chopping, and chopping resumed to a final temperature of 
12.8°C (55°P) at high bowl and high knife speeds. The meat 
and non-meat formulation for each replication appear in 
Tables 8 and 9, respectively. 
The emulsions were transferred to a vacuum stuffer 
(Vemag Robot 1000s Type 116, Robert Reiser and Co., Inc., 
Boston, MA), pumped to a Townsend Frank-A-Matic DB-4 (Des 
Moines, lA), stuffed and linked into number 21 Teepak type RP 
cellulose casings. After all nine batches were linked, the 
wieners were transferred to an H. Maurer and Sohne Allround 
System oven (Riechenue, West Germany) and processed by the 
following schedule: 
Time Program Dry Bulb Wet Bulb 
30 minutes Hot Air Finish 60°C 49°C 
15 minutes Hot Smoke I 70°C 60°C 
10 minutes Hot Air Finish 80°C 74°C 
5 minutes Steam Cook 80°C 
5 minutes Cold Shower 
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Table 8. Meat ingredients; Experiment VII 
Ingredient Weight (g) 
Replicate #1 
Beef 
pork 
(20.4% 
(48.4% 
fat) 
fat) 
Replicate #2 
Beef 
pork 
(18.1% 
(49.9% 
•fat) 
fat) 
Replicate #3 
Beef 
pork 
(18.2% 
(51.8% 
fat) 
fat) 
Replicate #4 
Beef 
pork 
( 2 0 . 0 %  
(50.9% 
•fat) 
fat) 
5670.0 
5670.0 
5670.0 
5670.0 
5670.0 
5670.0 
5837.8 
5506.7 
Table 9. Emulsion formula: Experiment VII 
Ingredient Weight (g) 
Ice (distilled/deionized) 
Water (distilled/deionized) 
Sodium chloride (2.25%) 
Sodium phosphate (0.50%) 
Sodium hydroxide (1 N) solution (0.125%) 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
Wixon's #244N Wiener Spice (0.56%) 
1134.0 
2004.9 
284.89 
63.33 
264.0 
1.976 
6.964 
71.00 
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The Townsend emulsion stability test, pH measurement, 
assays for salt (NaCl), phosphate, moisture, protein and fat 
content were carried out as described in Experiment I. 
Cooked product color was evaluated using the Hunter Color Lab 
as described in Experiment VI. Compression data were 
collected as described in Experiment II. 
Emulsion viscosity 
Emulsion viscosity (g) was measured during linking using 
the equation (Fox and McDonald, 1978): 
• • as • 
where: it = 3.1416 
Ap = pressure differential between the metering pump 
of the Frank-A-Matic and the end of the stuffing 
tube 
D = tube diameter = 0.024 ft (#14 stuffing horn) 
Q = volumetric flow rate = mass flow in 
density^flb/fta ) = ftVsec 
Density was determined by submerging 5 individually weighed 
links in 24°C water and the volume of water displaced was 
determined. Density was recorded as lb sample/ft3 of dis­
placed water. 
L = length of stuffing tube = 1.69 ft. 
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The lb/ft»sec units were converted to centipoise (cP) by 
the equation: 
lb/ft.sec ^ 2P 
0.672x103 
Chopper revolutions for each treatment were recorded at 
8.6°C (47.5°F) and 12.8°C (55°F). 
Frankfurter cooked yields were determined by the 
equation ; 
cooked weight „ 
raw weight ^ 
Sensory evaluation 
Consumer panels were held, 60 days after processing, for 
the frankfurters not containing sodium hydroxide (5 samples). 
These frankfurters had been vacuum packaged and stored at 
1.67°C (35°F). panelists included undergraduate and graduate 
students, staff and faculty. The consumer panels were held 
between the hours of 10:30 a.m. and 12:00 p.m. 
The consumer panel forms used are shown in Figs. 3 and 
4. Panelists were given 5 copies of Fig. 4 and asked to 
check the box in each of three columns which most closely 
approximated their responses to the product characteristics 
of flavor, texture and overall acceptability. The responses 
were statistically analyzed by assigning numerical values (1 
to 7) to the acceptability levels (dislike extremely to like 
extremely). 
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SENSORY EVALUATION FORM 
We are seeking your opinion of certain meat products. This 
is not a test but your reactions to products you will taste. 
An honest expression of your personal feelings will help us. 
Please check how much you like or disliked each sample for 
the characteristics under consideration on the following 
pages. 
SENSORY PANEL CONSENT FORM 
I, , have volunteered to become a 
(print name) 
sensory panel member. The purpose of this panel is to 
evaluate the palatability of various meat produts. Samples 
need not be consumed and can be discarded in provided 
containers following evaluation. I understand that I may 
withdraw as a member of a sensory panel at any time without 
incurring any penalty. 
Date Signature 
PLEASE FILL OUT THE QUESTIONNAIRE ABOUT YOURSELF, THEN USE 
THE FOLLOWING PAGES TO EVALUATE THE CODED SAMPLES. 
CONSUMER SURVEY 
Please answer the following questions about yourself; 
1. SEX: Male Female 
2. How often do you eat weiners? 
Once, a day 
Several time a week 
Once a week 
Several times a month 
Once a month 
Fig. 4. Cover page of the sensory panel evaluation form 
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Sample Code Flavor 
Overall 
Accepta-
Texture bility 
Like 
extremely I tj ) 
0 
0 
Neutral I ^ j 
@ 
@ 
Dislike ( ^  \^ ] 
extremely I 0 j 
Comments; 
Fig. 5. Sensory panel evaluation form 
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Just prior to sampling, the frankfurters were placed in 
boiling water and cooked for 5 minutes. The cooked 
frankfurters were sliced cross-sectionally into 12.7 mm (0.5 
in) long pieces. Randomly selected three digit numbers were 
used to identify the samples. 
Experiment VIII 
This experiment was designed to compare various 
combinations of sodium chloride and magnesium chloride. All 
combinations were calculated to be of equal ionic strength. 
The maximum MgClg concentration was limited to 0.50%, as this 
level was reported to be the limit for taste acceptance 
(Wierbicki et al., 1957). The meat was purchased, 
formulated, frozen, thawed and chopped as described in 
Experiment I. A list of the meat and non-meat ingredients 
appears in Table 10. This experiment was replicated four 
times. 
Data were collected in this experiment using the 
procedures described in Experiment II. 
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Table 10. Emulsion formula: Experiment VIII 
Ingredient Weight (g) 
Beef (18.6% fat) 1605.7 
pork (50% fat) 1360.8 
Ice 580.6 
Tetrasodium pyrophosphate (0.5%) 16.208 
Sodium nitrite (0.0156%) 0.506 
Sodium erythorbate (0.055%) 1.783 
Heller's Kosher Bologna Spice #531 (0.50%) 16.212 
Treatment #1 
Sodium chloride (0.92%) 29.822 
Treatment #2 
Sodium chloride (0.75%) 24.312 
Magnesium chloride (hexahydrate) (0.093%) 6.439 
Treatment #3 
Sodium chloride (0.46%) 14.911 
Magnesium chloride (hexahydrate) (0.25%) 17.310 
Treatment #4 
Magnesium chloride (hexahydrate) (0.5%) 34.620 
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Experiment IX 
This experiment was designed to compare various combina­
tions of sodium chloride and magnesium chloride. All com­
binations were calculated to be of equal chloride concentra­
tion. The meat was purchased, formulated, frozen, thawed and 
chopped as described in Experiment I with the exception that 
ice was added at two points in the chopping procedure as 
described in Experiment II. The meat and non-meat ingre­
dients used are listed in Table 11. This experiment was 
replicated three times. 
Table 11. Emulsion formula; Experiment IX 
Ingredient Weight (g) 
Beef (19% fat) 
pork (47.7% fat) 
Ice (distilled/deionized) 
1383.48 
1519.56 
580.60 
Tetrasodium pyrophosphate (0.50%) 
Sodium nitrite (0.0156%) 
Sodium erythorbate (0.055%) 
Heller's Kosher Bologna Spice #531 (0.50%) 
16.208 
0.506 
1.783 
16.212 
Treatment #1 
Sodium chloride (0.75%) 24.312 
Treatment #2 
Sodium chloride (0.50%) 
Magnesium chloride hexahydrate (0.20%) 
16.208 
14.103 
Treatment #3 
Sodium chloride (0.25%) 
Magnesium chloride hexahydrate (0.41%) 
8.104 
2 8 . 2 0 6  
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Data were collected in this experiment using the proce­
dures described in Experiment II, with some exceptions. The 
modified emulsion stability test was carried out and raw and 
cooked pH were monitored as described in Experiment VI. 
Compression testing, described in Experiment II, was not 
carried out in this experiment. 
Experiment X 
This experiment involved adding 0.5% sodium pyrophos­
phate at three different points in the chopping sequence to 
determine the point-of-addition effect of pyrophosphate on 
cured color development. The meat was purchased, formulated, 
frozen and thawed as described in Experiment I. The meat and 
non-meat ingredients used in this experiment are listed in 
Table 12. The lean beef was added to the Hobart food chop­
per, along with the sodium chloride, sodium nitrite, sodium 
erythorbate, and half the ice, and was chopped to 6.1°C 
(43°F). At this point, the pork meat portion along with the 
balance of the ice was added and chopped to a final tempera­
ture of 12.8°C (55°F). Treatments included the addition of 
tetrasodium pyrophosphate initially with the sodium chloride, 
at 6.1°C (43°F) with the pork meat and at 11.7°C (53°F). A 
control treatment was included to which no addition of tetra-
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Table 12.  Emulsion formula; Experiment X 
Ingredient Weight (g)  
Beef (19% fat) 1383.  48 
pork (49.0% fat) 1388.  02 
Ice (distilled/deionized) 555.  21 
Sodium chloride (2 .25%) 69.  56 
Tetrasodium pyrophosphate (0 .6%) 15.  46 
Sodium nitrite (0 .0156%) 0 .  482 
Sodium erythorbate (0 .055%) 1 .  70 
sodium pyrophosphate initially with the sodium chloride, 
at 6.1°C (43°F) with the pork meat and at 11.7®C (53°P). A 
control treatment was included to which no pyrophosphate was 
added. This experiment was replicated four times. 
Hunter color values were obtained as described in Exper­
iment VI. Chopping time in minutes was recorded at emulsion 
temperatures of 6.1°C (43°F), 11.7°C (53°F) and 12.8°C 
(55°F). The modified emulsion stability test was carried out 
as described in Experiment VI. Salt (NaCl) phosphate, mois­
ture, protein and fat analysis were performed as described in 
Experiment I. Raw and cooked pH were monitored as described 
in Experiment VI. 
Experiment XI 
This experiment was carried out in the manner of Experi­
ment X with two modifications. First, sodium chloride was 
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added at 0.6% (18.55 g) rather than 2.25% and no control 
treatment was included. This experiment was also replicated 
four times. 
The meat was purchased, formulated, frozen and thawed as 
described in Experiment I. The meat and non-meat ingredients 
used are listed in Table 12. Data were collected as des­
cribed in Experiment X. 
Experiment XII 
This experiment compared the effects of sodium tripoly-
and tetrasodium pyrophosphates and a time delay between 
chopping and cooking on cured color development of emulsion 
meat products. 
The meat was purchased, formulated, frozen, thawed and 
chopped as described in Experiment I, with the exception that 
the ice was added at two points in the chopping process as 
described in Experiment V. The meat and non-meat ingredients 
used are listed in Table 13. This experiment was replicated 
four times. 
Raw emulsion from each treatment was stuffed into three 
22.2 X 101.6 mm (.7x4 in) polycarbonate tubes (35 cc Mono-
inject syringe barrels), placed into an 80°C (176°P) shaking 
water bath within 5 minutes after chopping was completed, and 
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Table 13. Emulsion formula; Experiment XII 
ingredient Weight (g) 
Beef (19% fat) 1383.48 
pork (50.3% fat) 1451.52 
ice 567.0 
Sodium chloride (2.25%) 71.301 
Sodium tripolyphosphate (0.50%) 15.845 
Tetrasodium pyrophosphate (0.50%) 15.845 
Sodium nitrite (0.0156%) 0.494 
Sodium erythorbate (0.055%) 1.743 
cooked for 20 minutes. While the initial three samples 
were cooking, nine additional tubes were filled with raw 
emulsion and placed in a 10°C (50°F) refrigerator. These 
additional samples were held for and placed in the 80°C 
(176°P) shaking water bath at the following times after the 
completion of chopping; 20 minutes; 40 minutes; and 60 
minutes. These samples were also cooked for 20 minutes. 
Hunter color values were determined as described in 
Experiment VI. Raw pH was monitored immediately after chop­
ping only, while cooked pH was assessed at all four times 
used to evaluate color. Assays for salt (NaCl), phosphate, 
moisture, protein and fat were carried out as described in 
Experiment I. 
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Statistical Analysis 
Statistical analysis of all data was performed using the 
Statistical Analysis System's (SAS Institute, 1979) analysis 
of variance (ANOVA) and general linear models (GLM) 
procedures. In addition, Duncan's Multiple Range Tests 
(Steel and Torrie, 1980) and Contrasts (through GLM) were 
performed when more than two treatments were being compared. 
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RESULTS 
Experiment I 
Emulsion stability 
The effects of four selected phosphates on emulsion 
stability are shown in Table 14. These results indicate that 
tetrasodium pyrophosphate (NaPP) and tetrapotassium pyrophos­
phate (KPP) produce the most stable emulsions at added sodium 
chloride levels of 0.75% and 1.50%. At the opposite extreme, 
potassium tripolyphosphate (KTPP) resulted in significantly 
higher (p<0.05) total cookout and gel-liquid released. 
Sodium tripolyphosphate (NaTPP) was not significantly dif­
ferent (p>0.05) from the other three phosphates used for 
total cookout, but was between KTPP and either NaPP or KPP. 
While NaTPP showed the same relative effect upon milliliters 
of gel-liquid released, it was significantly different 
(p<0.05) from KTPP. The results of released fat and solids 
indicated no significant difference (p>0.05) within the four 
selected phosphates. 
In the specific cation and anion effects (Table 14), the 
sodium cation and the pyrophosphate anion caused a signifi­
cant reduction in gel-liquid released (p<0.05 and p<0.01, 
respectively) upon cooking. Only the phosphate anions were 
found highly significantly different (p<0.01) in their effect 
on total cookout. 
101 
Table 14. Effect of selected phosphates^ on emulsion 
stability 
Treatment Total cookout Gel-liquid Fat Solids 
(ml)2 (ml)2 (ml)2 (ml)2 
NaTPpS 2 2 .47b 0. 31 0. 24 
NaPP 2, .25b 2 .07b 0. 19 0. 05 
KTPP 3, •21® 2, .92® 0. 23 0, .05 
KPP 2. 37b 2. 19b 0. 23 0. 06 
S.E. 0, .20 0 .13 0. 07 0. 09 
Na^ 2, .55 2, .27* 0, .25 0 , .14 
K 2. ,79 2. ,55 0. ,23 0. ,06 
S.E. 0, .14 0, .09 0. 05 0, .06 
TPP4 3 . 03** 2. 69** 0 . ,27 0, .15 
PP 2. ,31 2. 13 0. 21 0. 05 
S.E. 0. ,14 0 . ,09 0. .05 0. ,06 
1 Sodium tripolyphosphate (NaTPP), tetrasodium 
pyrophosphate (NaPP), potassium tripolyphosphate (KTPP) and 
tetrapotassium pyrophosphate (KPP). 
2ml per 34 g emulsion sample. 
^Mean values, N=12 per treatment mean. 
"•Mean values, N=12 per treatment mean. 
B'^Mean values in a column followed by different 
letters were significantly different (p<0.05). 
*Significant (p<0.05). 
**Highly significant (p<0.01). 
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Doubling the phosphate level (Table 15) was found to 
decrease total cookout and released gel-liquids by half 
(p<0.01). In addition, doubling the sodium chloride level 
was found to have an even greater effect on these two param­
eters. In released fat, increasing sodium chloride level 
caused a significant (p<0.05) reduction. The effect of 
sodium chloride level on fat release was observed to be at a 
lower significance level than in total cookout and gel-liquid 
released. 
Numerous interactions were found to exist between the 
sodium chloride level and either phosphate anion or phosphate 
level (Table 15) on total cookout and gel-liquid released and 
are summarized in Figs. 6, 7, and 8. In total cookout, 0.75% 
salt level products were higher and more variable with dif­
ferent phosphate types and levels than was found in 1.5% salt 
level products. 
Soluble protein 
Tetrapotassium pyrophosphate (KPP) has been shown to be 
significantly superior (p<0.05) in solubilizing proteins to 
the other three phosphates tested in this experiment (Table 
16). NaTPP and NaPP, while resulting in higher mean values, 
were not significantly different (p<0.05) from KTPP in 
affecting soluble protein values. 
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Table 15. Effect of added phosphate level and sodium 
chloride (NaCl) level on emulsion stability 
Treatment Total Cookout Gel-liquid Fat Solids 
(ml)1'2'3'5 (ml)i'3'6f7 (ml)l'2 (ml)l'2 
0.15% 
0.30% 
phosphate 
phosphate 
3.60** 
1.74 
3.23** 
1.60 
0.37 
0.12 
0.18 
0.02 
S.E. 0.32 0.28 0.07 0.07 
0.75% 
1.50% 
Nad 
Nad 
4.84** 
0.50 
4.39** 
0.44 
0.38* 
0.11 
0.19 
0.01 
S.E. 0.32 0.28 0.07 0.07 
iMean values, N=24 per treatment mean. 
2ml per 34 g emulsion sample. 
3Significant sodium chloride level by phosphate level 
interaction (p>0.013). 
^Significant sodium chloride level by anion interaction 
(p>0.002). 
^Significant sodium chloride level by phosphate type 
interaction (p>0.015). 
^Significant sodium chloride level by anion interaction 
(p<0.0007). 
^Significant sodium chloride level by phosphate level 
interaction (p<0.012). 
*Significant (p<0.05). 
**Highly significant (p<0.01). 
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Table 16. Effect of selected phosphatesl on pH and soluble 
protein of meat emulsions 
Treatment mg soluble protein/g emulsionZ PH3 
NaTPP^ 50.30^ 6.25b 
Napp 49.96b 6.29a 
KTPP 48.08° 6.22c 
KPP 53.40^ 6.30a 
S.E. 0.81 1.12 
NaS 50.13 6.27 
K 50.74 6. 26 
S.E. 0.57 0.80 
ipppS 49.19** 6.23** 
PP 51.67 6.30 
S.E. 0.57 0.80 
I Sodium tripolyphosphate(NaTPP), tetrasodium 
pyrophosphate(Napp), potassium tripolyphosphate (KTPP) and 
tetrapotassium pyrophosphate (KPP). 
^Significant cation by anion interaction (p<0.002). 
^Significant cation by anion interaction (p<0.006). 
^Mean values, N=12 per treatment mean. 
^Mean values, N=24 per treatment mean. 
a,b,Cf^gan values in a column followed by 
different letters were significantly different (p<0.05). 
**Highly significant (p<0.01). 
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As to the specific phosphate cation and anion affects, 
PP has a highly significant (p<0.01) positive effect on 
soluble protein. There is no significant difference (p<0.05) 
between effect of Na or K on soluble protein, however, the 
soluble protein value due to K is slightly higher. 
The effect of added phosphate and sodium chloride levels 
on soluble protein is presented in Table 17. Doubling the 
added phosphate level has been found to increase the soluble 
protein by approximately 7.5%. On the other hand, doubling 
the added sodium chloride level had no significant effect 
(p<0.05) on soluble protein and appears, in fact, to have 
slightly decreased the soluble protein level. This was not 
Table 17. Effect of added phosphate level and sodium 
chloride (NaCl) level on pH and soluble protein of 
meat emulsions 
Treatment mg soluble protein/g emulsion pH 
0.15% phosphate 1 48.63* 6.20** 
0.30% phosphate 52.23 6.34 
S.E. 2.55 0.80 
0.75% NaCll 50.69 6.26 
1.50% NaCl 50.17 6.28 
S.E. 2.55 0.80 
iMean values, N=24 per treatment mean. 
*Significant (p<0.05). 
**Significant (p<0.01) . 
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expected, however, these mean values are averaged over all 
treatment combinations. While not significant at the 5% 
level, there was a salt level by phosphate level interaction 
(Fig. 9) which approaches significance (p<0.08). There was 
also a highly significant (p<0.02) cation by anion interac­
tion (Fig. 10). 
The effect of the phosphates compared in this experiment 
on raw emulsion pH is presented in Table 16. Napp and KPP 
yield a significantly higher (p<0.05) raw pH than either 
NaTPP or KTPP. While the mean values are quite similar, 
NaTPP was found to result in a significantly higher (p<0.05) 
pH than KTPP. As in the case with soluble protein values, 
there is a cation by anion interaction (Fig. 11). However, 
there is virtually no difference in pH (Table 16) due to 
cations (Na+ or K"*") but a highly significant difference due 
to anions (TPP" and PP~). 
Increasing the added phosphate level from 0.15% to 0.30% 
significantly (p<0.001) increased raw pH while increasing 
added sodium chloride level from 0.75% to 1.50% had no effect 
on raw pH (Table 17). 
Water-holding capacity (WHC) 
The effects of the four selected phosphates on the 
WHC of raw emulsion are presented in Table 18. NaPP and KPP 
resulted in significantly (p<0.05) less expressed fluid than 
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Table 18. Effect of selected phosphates! on the water-
holding capacity (WHC) of raw emulsions at two 
time periodsZ after chopping 
Treatment WHC - 1 hour 
(ml released) 
WHC - 24 hours 
(ml released) 
NaTPpS li.27ab 8.19b 
NaPP 10.55b 7.63b 
KTPP 11.99a 8.95a 
KPP 10.84b 7.68b 
S.E. 0 .25 0.21 
Na^ 10.91 7.91 
K 11.42 8.32 
S.E. 0.18 0.15 
Tpp4 11.63** 8.57** 
PP 10.70 7.66 
S.E. 0.18 0.15 
^Sodium tripolyphosphate (STPP), tetrasodium 
pyrophosphate (SPP), potassium tripolyphosphate (KTPP) and 
tetrapotassium pyrophosphate (KPP). 
^Significant (p>0.001) positive correlation (0.92) 
between WHC-1 hour and WHC-24 hours. 
^Mean values, N=12 per treatment mean. 
'•Mean values, N=24 per treatment mean. 
B'^Mean values in a column followed by different 
letters were significantly different (p<0.05). 
**Highly significant (p<0.01). 
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KTPP at 1 hour and 24 hours. NaTPP resulted in expressed 
fluid levels between Napp or KPP and KTPP at 1 hour but was 
not significantly (p<0.05) different from any of the other 
three phosphates. At 24 hours, NaTPP resulted in a signifi­
cant (p<0.05) improvement in fluid retention compared to 
KTPP. 
A significant (p<0.001) positive correlation has been 
observed between WHC-1 hour and gel-liquid released (0.72) 
and between WHC-24 hours and gel-liquid released (0.68), when 
determined with the effects of all four phosphates combined. 
The effect of cations and anions on WHC was determined. 
While not significantly different (p<0.05), the sodium (Na) 
cation appears to allow for slightly better WHC (Table 18). 
Comparing anions pyrophosphate significantly (p<0.01) en­
hances WHC at both time periods after chopping. 
Doubling the added phosphate level in the range tested, 
decreased free moisture by 16.1% after 1 hour and by 36.4% 
after 24 hours (Table 19). At both time periods, the effect 
of increased phosphate level on WHC was highly significant 
(p<0.001). 
Similarly, doubling the sodium chloride level in the 
range observed caused a significant (p<0.001) decrease in 
free fluid at both time periods. There were many interac­
tions observed involving sodium chloride level, however, only 
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Table 19. Effect of phosphate level and sodium chloride 
(NaCl) level on the water-holding capacity (WHO 
of raw emulsions at two time periods after 
chopping 
Treatment WHC-1 hour WHC-24 hours 
(ml released)!'2 (ml released)!'3 
0.15% phosphate 12.14** 9.92 
0.30% phosphate 10.19 6.31 
S.E. 0.28 0.46 
0.75% NaCl 13.24** 10.76 
1.50% NaCl 9.09 5.47 
S.E. 0.28 0.46 
iMean values, N=24 per treatment mean. 
^significant sodium chloride level by phosphate level 
interaction (p>0.007). 
3significant sodium chloride level by phosphate level 
interaction (p<0.009) 
**Highly significant (p<0.01). 
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the sodium chloride level by phosphate level interaction is 
shown (Fig. 12). 
Product hardness 
The compression data in Table 20 indicate that none of 
the variables, phosphate type, cation nor anion, exerted any 
significant (p<0.05) effect on compression peak height or 
hardness, phosphate level (Table 20),while somewhat 
affecting mean peak height values, was only significant at 
the 12% level. However, comparing these two phosphate levels 
using Duncan's Multiple Range test revealed a significant 
(p<0.05) difference in their effect on hardness. Sodium 
chloride level allowed for a highly significant (p<0.01) 
reduction in hardness. 
Experiment II 
Emulsion stability 
Preblending was found to have no significant (p<0.05) 
effect on any of the parameters used to describe emulsion 
stability (Table 21). As expected, the addition of NaTPP 
significantly (p<0.05) reduced cook-out of all components in 
the emulsion stability test. In addition, Napp significantly 
(p<0.05) reduced total cookout, gel-liquid and solid released 
over that of NaTPP. Fat release was not significantly 
different, though reduced, with NaPP over NaTPP. 
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Table 20. Effect of selected phosphates^, phosphate level 
and sodium chloride (NaCl) on compression peak 
height (hardness) of cooked meat emulsion 
Treatment Hardness^ 
NaTPpS 
NaPP 
KTPP 
KPP 
55.30 
54.94 
55.89 
54.35 
S.E. 2.01 
Na^ 
K 
55.12 
55.12 
S.E. 1.42 
TPP4 
PP 
55.59 
54.64 
S.E. 1.42 
0.15% 
0.30% 
phosphate** 
phosphate 
57.33a 
52.91° 
S.E. 1.50 
0.75% 
1.50% 
NaCl** 
NaCl 
59.86** 
50.38 
S.E. 1.50 
1 Sodium tripolyphosphate (STPP), tetrasodium 
pyrophosphate (SPP), potassium tripolyphosphate (KTPP) and 
tetrapotassium pyrophosphate (KPP). 
Zpeak height in mm. 
3Mean values, N=8 per treatment mean. 
••Mean values, N=16 per treatment mean. 
Sfb^ean values in a column followed by different 
letters were significantly different (p<0.05). 
**Highly significant (p>0.01). 
1 ' 
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Table 21. Effect of preblending with sodium tripolyphosphate 
(NaTPP) and tetrasodium pyrophosphate (NaPP) on 
emulsion stability 
Treatment Total cookout 
(ml) 1 
Gel-liquid 
(ml) 1 
Fat 
(ml) 1 
Solids 
(ml) 1 
Nonpreblended 
preblended 
2 8.33 
8.24 
5.91 
5.83 
2.19 
2.19 
0.22 
0.24 
S.E. 0.40 0.27 0.17 0.007 
NO phosphates 
NaTPP 
NaPP 
14.72^ 
5.97b 
4.17° 
8.79a 
5.12b 
3.72° 
5.47a 
0.73b 
0.38b 
0.49a 
0.13b 
0.08° 
S.E. 0.48 0.33 0.20 0.008 
Irai per g sample. 
^Mean values, N=9 per treatment mean. 
^Mean values, N=6 per treatment mean. 
a,b,Cf^ean values in a column followed by dif­
ferent letters were significantly different (p<0.05). 
The raw mean values for emulsion stability are shown 
in the Appendix, Table 4. It is apparent that when pre-
blended for 16 hours NaTPP results in a more stable emulsion 
and NaPP, a less stable emulsion. 
Soluble protein 
While preblending did not significantly (p<0.05) 
increase soluble protein levels, it did increase soluble 
protein by about two per cent (Table 22). 
Furthermore, the addition of NaTPP significantly 
(p<0.05) increased soluble protein over the addition of no 
120 
Table 22. Effect of preblending with sodium tripolyphosphate 
(NaTPP) and tetrasodiura pyrophosphate (NaPP) on 
soluble protein or raw meat emulsion 
Treatment mg/soluble protein/g emulsion 
Non-preblended1 53.86 
Preblended 54.99 
S.E. 0.73 
No phosphate^ 49.51° 
NaTPP 55.28° 
NaPP 58.49^ 
S.E. 0.89 
iMean values, N=9 per treatment mean. 
^Mean values, N=6 per treatment mean. 
a,b,CMean values in a column followed by different 
letters were significantly different (p<0.05). 
phosphate. The presence of NaPP caused a further signif­
icant increase (p<0.05) in soluble protein over that of 
NaTPP. The relative influences of these two phosphates on 
soluble protein is comparable to their effect on emulsion 
stability, indicating a possible cause-and-effeet relation­
ship between soluble protein and emulsion stability. 
Chopping time 
The time in minutes required for the meat emulsions to 
reach 4.4°C (40°F) and 12.8°C (55°F) during the chopping 
process was monitored only when non-preblended meats were 
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Table 23. Effect of sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (NaPP) on chopping time 
to reach specified temperatures 
Treatment Time to 4.4°C Time to 12.8°C Total 
(40op)l'2 (55°F)1'2 Timel'2 
No phosphate 8.04 11.02 19.21 
NaTPP 8.66 11.85 20.51 
NaPP 10.08 12.19 22.28 
S.E. 0.65 0.40 0.79 
^Minutes. 
^Mean values, N=3 per treatment mean. 
used. The effects of NaTPP and NaPP on chopping are shown in 
Table 23. 
While there is no significant effect (p<0.05) of phos­
phates on chopping time, it is evident from the treatment 
means that phosphates, particularly NaPP, increase the chop­
ping time required to reach specified temperatures. This 
phenomenon is very likely due to a decrease in emulsion vis­
cosity which results in less frictional heat build-up. These 
results are in agreement with the reports of Swift and Ellis 
( 1957). 4. 
Textural evaluation 
None of the treatments in this experiment had any sig­
nificant (p<0.05) effect on hardness or cohesiveness (Table 
24) . 
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Table 24. The effect of preblending with sodium 
tripolyphosphate (NaTPP) and tetrasodium 
pyrophosphate (NaPP) on the textural properties of 
cooked emulsion meat product 
Treatment Hardness^ CohesivenessZ 
Control3 48.73 0.58 
Preblend 51.79 0.55 
S.E. 1.49 0.02 
No phosphate^ 52.53 0.59 
NaTPP 47.37 0.55 
NaPP 50.88 0.54 
S.E. 1.83 0.03 
1 First peak height in mm. 
2Ratio of second peak area to first peak area. 
3Mean values, N=9 per treatment mean. 
^Mean values, N=6 per treatment mean. 
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Experiment III 
Emulsion stability 
No significant difference (p<0.05) in the order of addi­
tion of NaCl and NaPP on emulsion stability was found (Table 
25). While the addition of NaCl and Napp simultaneously 
appears to be slightly detrimental in terms of emulsion 
stability, the high probability of a greater "f" value (41 to 
78%) rules out any possibility of any real trend. 
Table 25. Effect of the order of addition of sodium chloride 
(NaCl) and tetrasodium pyrophosphate (NaPP) on 
emulsion stability 
Treatment Total Cookout Gel-liquid Fat Solids 
(ml)i'2 (ml)l'2 (ml)l'2 (ml)1'2 
NaCl before NaPP 3.11 2.96 0.08 0.05 
NaPP before NaCl 2.99 2.88 0.07 0.05 
NaCl and NaPP 
simultaneously 3.35 3.17 0.11 0.07 
S.E. 0.33 0.30 0.02 0.013 
iMean values, N=4 per treatment mean. 
2ml per 34 g sample. 
Soluble protein 
The data in Table 26 indicate that the order of addition 
of NaCl and NaPP had no significant effect (p<0.05) on 
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soluble protein levels. However, the pH means over all three 
treatments were found to vary only 0.02 units. 
Table 26. Effect of the order of addition of sodium chloride 
(NaCl) and tetrasodium pyrophosphate (NaPP) on 
soluble protein of raw meat emulsions 
Treatment mg soluble protein/g emulsionl 
NaCl before NaPP 54.96 
NaPP before NaCl 53.99 
NaCl and NaPP simultaneously 55.15 
S.E. 0.73 
iMean values, N=4 per treatment mean. 
Chopping time 
Similarly, the order of addition of NaCl and NaPP was 
found to have no significance on chopping times (Table 27). 
While there appears to be a trend in these data, the high 
standard errors (S.E.) and probability levels suggest other­
wise. 
Textural evaluation 
Order of NaCl and NaPP had no significant (p<0.05) 
effect on hardness or cohesiveness (Table 28). However, both 
textural characteristics appear to follow the same trend 
observed for emulsion stability (Table 25). 
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Table 27. Effect of order of addition of sodium chloride 
(NaCl) and tetrasodium pyrophosphate (NaPP) on the 
chopping time to reach specified temperatures 
Time from 4.4°C 
Treatment Time to 4.4°C to 12.8°C(55°F) Total 
(40°P)1'2 (55°F)1'2 Timel'% 
NaCl before NaPP 10.53 5.74 16.27 
NaPP before Nad 10.11 5.82 16.06 
Nad and NaPP -
simultaneously 9.02 5.64 14.66 
S.E. 1.23 0.35 1.48 
iMean values, N=4 per treatment mean. 
^Minutes. 
Table 28. 
Treatment 
Effect of order of addition of sodium chloride 
(Nad) and tetrasodium pyrophosphate (NaPP) on 
textural properties of cooked emulsion meat 
products 
Hardness^ '2 Cohesivenessl' 3 
NaCl before NaPP 
NaPP before NaCl 
NaCl and NaPP 
simultaneously 
S.E. 
48.60 
46.33 
49.38 
3.97 
0.51 
0.50 
0.54 
0.04 
iMean values, N=4 per treatment mean. 
2First peak height in mm. 
3Ratio of second peak area to first peak area. 
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Experiment IV 
Emulsion stability 
The form that NaPP was added had no significant (p<0.05) 
effect on emulsion stability (Table 29). However, the 
treatment means appear to favor the use of NaPP in solution. 
Table 29. The effect of adding tetrasodium pyrophosphate 
(Napp) as a dry salt or in solution on emulsion 
stability 
Treatment Total cookout Gel-liquid Fat Solid 
(ml) ^ (ml)i'2 (ml)i'2 (ml)i'2 
Napp (dry) 2.72 2.60 0.08 0.04 
NaPP (solution) 2.16 2.10 0.02 0.04 
S.E. 0.28 0.26 0.03 0.01 
^Ml per 34 g emulsion. 
^Mean values, N=5 per treatment mean. 
Soluble protein 
The soluble protein level was not significantly (p<0.05) 
affected by the form in which Napp was added to the meat 
system (Table 30). Again, the solution form seems to be 
slightly more beneficial in solubilizing protein. 
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Table 30. The effect of adding tetrasodium pyrophosphate 
(NaPP) as dry salt or in solution on soluble 
protein and pH of mean emulsions 
Treatment mq soluble protein/q emulsion^ 
NaPP (dry) 54.26 6.24 
NaPP (solution) 55.02 6.26 
S.E. 1.27 
iMean values, N=4 per treatment mean. 
^Mean values, N=5 per treatment mean. 
3pH values converted to real numbers for analysis. 
PH 
In addition, raw emulsion pH was not significantly 
(p<0.05) affected by the form that NaPP was added (Table 30). 
Chopping time 
Neither treatment significantly affected the time 
required to chop the emulsion to the specified temperature 
(Table 31). The data for each replicate indicate that the 
treatment run first in each replicate always required the 
longer chopping time. This may explain the high standard 
error for the chopping time to 4.4°C. 
Textural properties 
The form that NaPP was added had no significant (p<0.05) 
effect on hardness or cohesiveness (Table 32). However, the 
effect of these treatments approached significance (p<0.06) 
for cohesiveness. 
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Table 31. The effect of adding tetrasodium pyrophosphate 
(Napp) as a dry salt or in solution on chopping 
times to reach specified temperatures 
Treatment Time to 4.4°C 
(40°F)1'2 
Time from 4.4°C 
to 12.8°C 
(55°F)1'2 
Total 
Timel'2 
Napp (dry) 10.45 6.52 17.31 
NaPP (solution) 9.91 6 .68 16.63 
S.E. 1.24 0.28 1.46 
1 Minutes. 
^Mean values, N=5 per treatment mean. 
Table 32. The effect of adding tetrasodium pyrophosphate 
(Napp) as a dry salt or in solution on textural 
properties of cooked emulsion meat products 
Treatment Hardness^ ' 2 Cohesivenessl' 3 
Napp (dry) 48.22 0.53 
Napp (solution) 49.83 0.47 
S.E. 2.37 0.02 
iMean values, N=4 per treatment mean. 
2First peak height in mm. 
3Area of second peak area to first peak area. 
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Experiment V 
Emulsion stability 
Both NaOH and NaPP significantly (p<0.01) improved all 
components of emulsion stability (Table 33). The raw mean 
values (Appendix, Table 7) indicate that NaOH and NaPP, 
individually decreased total cookout by approximately 77% and 
89%, respectively. The two ingredients combined decreased 
total cookout by 96%. There were significant interactions 
between NaOH and NaPP for all components of the emulsion 
stability test. The significant (p<0.0001) interaction of 
NaOH with NaPP on total cookout is shown in Figure 13. 
Soluble protein 
Neither NaOH or NaPP had any significant (p<0.05) effect 
on soluble protein level (Table 34). With all other treat­
ment effects absorbed, NaOH seems to slightly increase solu­
ble protein and NaPP seems to decrease soluble protein. This 
is misleading, as the raw mean data (Appendix, Table 8) 
reveal that individually, NaOH and NaPP, increase soluble 
protein considerably, but in combination they increase solu­
ble protein only slightly. The significant (p<0.04) interac­
tion of NaOH with Napp on soluble protein is presented in 
Figure 14. This interaction depicts the detrimental effect 
of both NaOH and NaPP on soluble protein mentioned earlier. 
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Table 33. Effect of sodium hydroxide (NaOH) 
pyrophosphate (NaPP) on emulsion 
and tetrasodium 
stability 
Treatment! Total Cookout Gel-liquid Fat Solids 
(ml)2'3 (ml)2't (ml)2'5 (ml)2'6 
No NaOH 
0.075% NaOH 
8 .82** 
2.12 
5.51** 
1.95 
3.08** 0.26** 
0.12 0.08 
S.E. 0.04 0.04 0.05 0.001 
No NaPP 
0.30% NaPP 
9 .75** 
1.19 
6.34** 
1.12 
3.17** 0.24* 
0.03 0.10 
S.E. 0.04 0.04 0.05 0.001 
iMean values, N=8 per treatment mean. 
2ml per 34 g sample. 
^Significant NaPP by NaOH interaction (p<0.G001). 
^significant NaPP by NaOH interaction (p<0.0001). 
^significant NaPP by NaOH interaction (p<0.0001). 
^Significant NaPP by NaOH interaction (p<0.01). 
*Significant (p<0.05). 
**Highly significant (p<0.01). 
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Fig. 13. The interaction of sodium hydroxide (NaOH) with 
tetrasodium pyrophosphate (NaPP) on total cookout 
of meat emulsions 
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Table 34. Effect of sodium hydroxide (NaOH) and tetrasodium 
pyrophosphate (NaPP) on the soluble protein and pH 
of meat emulsions 
Treatment mq soluble protein/q emulsionl'2 PHl'2 
No NaOH 52.04 6.16** 
0.075% NaOH 56.42 6.49 
S.E. 2.25 1.35 
NO Napp 55.15 6.08** 
0.3% Napp 53.50 6.72 
S.E. 2.25 1.35 
iMean values, N=8 per treatment mean. 
^significant NaPP by NaOH interaction (p<0.04). 
**Highly significant (p<0.01). 
PH 
Both NaOH and NaPP had a significant (p<0.01) positive 
influence on raw emulsion pH (Table 34). The NaOH treatment 
increased the pH more than Napp, but as seen in Table 33, was 
less effective in enhancing emulsion stability. A highly 
significant (p<0.004) interaction between NaOH and Napp on 
raw pH is presented in Figure 15. 
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Chopping time 
Neither NaOH or Napp significantly (p<0.05) affected the 
chopping required to reach specified temperatures (Table 35). 
The treatment means do reflect a small increase in all 
chopping times due to the presence of Napp. The significant 
(p<0.03) interaction of NaOH with NaPP on the chopping time 
from 4.4°C (40°F) to 12.8°C (55°F) is shown in Figure 16. 
This interaction illustrates that the addition of Napp alone 
increases chopping time in this temperature range over the 
addition of either NaOH or NaPP. However, the presence of 
NaOH shortens the chopping time due to Napp, but slightly 
Table 35. Effect of sodium hydroxide (NaOH) and tetrasodium 
pyrophosphate (NaPP) on chopping time to reach 
specific temperatures 
Treatment^ Time to 4.4°C 
(40°F)2 
Time from 4.4°C 
to 12.8°C(55°F) 
(55°F)2'3 
Total 
Time 2 
NO NaOH 5.47 12.57 18.09 
0.075% NaOH 5.95 12.06 18.01 
S.E. 0.44 0.17 0.90 
No Napp 5.47 11.75 17.22 
0.30% Napp 5.95 12.92 18.99 
S.E. 0.44 0.17 0.90 
iMean values, N=8 per treatment mean. 
^Time in minutes. 
^Significant Napp by NaOH interaction (p<0.03). 
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increases chopping time in the absence of Napp. The 
presence of NaOH appears to diminish the effect of Napp on 
chopping time in this temperature range. 
Textural analysis 
NaOH was found to significantly (p<0.01) reduce hardness 
and cohesiveness (Table 36). Napp also reduced hardness and 
cohesiveness but to a lower level of significance (p<0.05). 
Table 36. The effect of sodium hydroxide (NaOH) and tetra-
sodium pyrophosphate (NaPP) on textural properties 
Treatment Hardness!,2 Cohesivenessit3 
NO NaOH 49.20** 0.68** 
0.05% NaOH 35.10 0.46 
S.E. 1.88 0.04 
NO Napp 45.94* 0.64* 
0.30% Napp 38.34 0.51 
S.E. 1.88 0.04 
iMean values, N=8 per treatment mean. 
2First peak height in mm. 
3Ratio of second peak area to first peak area. 
These results are probably due to the fact that NaOH and 
Napp also reduced emulsion stability or increased moisture 
retention (Table 33). 
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Experiment VI 
Emulsion stability 
All phosphates examined caused a significant (p<0.05) 
decrease in total cookout (Table 37). The four phosphates 
listed in order of decreasing total cookout are; NaHMP>NaAPP 
>NaTPP>NaPP. No two adjacent phosphates in this list were 
significantly (p<0.05) different in total cookout. 
In gel-liquid release, NaHMP, NaAPP and NaTPP were not 
significantly (p<0.05) different. While NaPP was signifi­
cantly (P<0.05) different from NaHMP, it was not signifi­
cantly (p<0.05) different from NaAPP and NaTPP. The effect 
of these phosphates on gel-liquid release is similar to their 
effects on fat release, except that Napp is significantly 
(p<0.05) different from NaTPP in fat release. 
The addition of 0.125% NaOH significantly (p<0.01) 
decreased total cookout but resulted in no other significant 
(p<0.05) effects on emulsion stability. NaOH's effect on 
total cookout agrees with data in Table 33. 
PH 
The four phosphates were significantly (p<0.05) dif­
ferent from one another in raw pH and all appear to signifi­
cantly (p<0.05) increase pH over the control (Table 38). 
These treatment means averaged over the NaOH treatments are a 
little misleading. The raw means (Appendix, Table 12) show 
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Table 37. The effect of selected phosphates^ and sodium 
hydroxide (NaOH) on emulsion stability 
Treatment Total cookout Gel-liquid Fat Solids 
(ml)2 (ml)2 (ml)2 (ml)2 
Control 2.85* 2.49 
0.50% NaHMp3 1.97% 1.72 
0.50% NaAPP 1.54c'd 1.35 
0.50% NaTPP 0.96°'^^ 1.27 
0.50% NaPP 0.75 0.63 
S. E. 0.19 0.26 
NO NaOH^ 1.76** 1.55 
0.125% NaOH 1.12 1.16 
S. E. 0.12 0.16 
a 
ab 
be 
be 
c 
S'jB, 
0.16 
0.12 
0.10 
0.02 
0.17 
0.16 
0 . 0 8 ;  
0.04 
0 . 0 6  
0.03Î 
0.04 
0.01 
0.05 
0.04 
ab 
0.01 0.01 
1 Sodium hexametaphosphate (NaHMP), sodium acidpyrophos-
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (NaPP). 
2ml per 34 g emulsion. 
3Mean values, N=4 per treatment mean. 
'•Mean values, N=10 per treatment mean. 
a,b,c,dMean values in a column followed by different 
letters were significantly different (p<0.05). 
**Highly significant (pO.Ol). 
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Table 38. The effect of selected phosphates^ and sodium 
hydroxide (NaOH) on meat emulsion pH 
Treatment Raw pH^ Cooked pH2 pH change2 
Control^ 
0.50% NaHMP 
0.50% NaAPP 
0.50% NaTPP 
0.50% NaPP 
5.9lb 
6.29C 
5.85® 
6.60d 
6.72® 
6.16® 
6.54b 
6.09b 
6.74b 
6.79b 
+0.26b 
+0.20b 
+0.25b 
+0.08® 
+0.03® 
S.E. 1.53 1.54 0.03 
NO NaOH^ 
0.125% NaOH 
5.98** 
6.78 
6.21** 
6.91 
+0.22** 
+0.07 
S.E. 0.95 0.98 0.02 
^Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (NaPP). 
2pH values were converted to real numbers for analysis. 
3Mean values, N=6 per treatment mean. 
"•Mean values, N=15 per treatment mean. 
a,b,c,dMean values in a column followed by different 
letters were significantly different (p>0.05). 
**Highly significant. 
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that NaAPP without NaOH results in a pH 0.29 units lower than 
the control. 
Cooked pH means (Table 38) indicate that NaAPP is no 
longer significantly (p<0.05) different from the control. In 
addition, the cooked pH values of NaHMP were significantly 
(p<0.05) higher than the control and NaAPP but not signifi­
cantly (p<0.05) lower than NaTPP and Napp. The cooked pH 
values of NaTPP and NaPP were not significantly different. 
The addition of NaOH, as expected, caused a highly 
significant (p<0.01) increase in raw and cooked pH (Table 
38). The addition of NaOH also causes less pH rise upon 
cooking. In the case of NaPP combined with NaOH, the pH 
change was -0.05 (Appendix, Table 12). 
Color evaluation 
The four phosphates tested resulted in no significant 
(p<0.05) differences between one another or the control in 
terms of the "L" value (lightness) of cooked meat emulsion 
(Table 39). The "a" values (redness) of cooked emulsion was 
significantly (p<0.05) affected by the different phosphates. 
The higher mean "a" value for the control is reflecting a 
more desirable cured color. Therefore, the phosphates 
resulting in higher cooked pH values (Table 38) also result 
in lower "a" values and less desirable cured color develop­
ment. The "a" value treatment mean for NaTPP is lower than 
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Table 39. The effect of selected phosphates^ and 
hydroxide (NaoH) on Hunter color LabZ, 
values 
sodium 
3,4 
Treatment L2 a3 b" 
Control^ 
0.50% NaHMP 
0.50% NaAPP 
0.50% NaTPP 
0.50% NaPP 
63.52 
63.56 
63.94 
64.02 
63.73 
10.33a 
8.32b 
8.13b 
5.97c 
6.79bc 
11.74c 
13.21b 
12.12bc 
14.563 
13.34b 
S.E. 0.53 0.50 0.36 
No NaOH^ 
0.0125% NaOH 
64.20 
63.26 
8 .58** 
6.46 
12.21** 
14.28 
S.E. 0.33 0.31 0.23 
^Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (NaPP). 
2l Value; 0=black, 100=white. 
3a value; +=red, -=green. 
"•b value; +=blue, -=yellow. 
^Mean values, N=6 per treatment mean. 
^Mean values, N=15 per treatment mean. 
a,b,CMean values in a column followed by different 
letters were significantly different (P<0.05). 
**Highly significant (p<0.01). 
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that of NaPP. However, the raw mean data (Appendix, Table 
13) for NaTPP and NaPP show "a" values of 7.42 and 7.25, 
respectively. The cause of this difference is an abnormally 
low "a" value for NaTPP combined with NaOH. Color photo­
graphs showing the effects of the different phosphates and 
NaOH appear on Plates 1, 2, and 3. 
Chopping time 
Neither phosphate type nor NaOH had a significant 
(p<0.05) effect on chopping to 7.2°C (45°F) or total chopping 
time to 12.8°C (55°P) (Table 40). While NaAPP, NaTPP and 
NaPP resulted in significantly (p<0.05) longer chopping times 
from 7.2°C (45°F) to 12.8°C (55°F), NaHMP was not signifi­
cantly different from the control or the other three phos­
phates. In all cases, NaPP results in slightly longer chop­
ping times than the other treatments. This could be due to 
the NaPP effect on emulsion viscosity (Hamm, 1975). 
Amperes 
The amperes used to chop the emulsions for a period of 
nine minutes were not significantly (p<0.05) affected by any 
of the treatments (Table 40). Amperes were monitored as a 
means to assess changes in emulsion viscosity. Unexpectedly, 
NaPP resulted in somewhat higher readings. 
plate 1. A visual comparison of the effect of selected 
phosphates (sodium acid pyrophosphate, Acid Pyro; 
sodium hexametaphosphate, NaHMP; sodium 
tripolyphosphate, NaTPP; tetrasodium pyrophosphate, 
NaPyro) on cured meat color. 
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Plate 2. A visual comparison of the effect of sodium 
hydroxide (NaOH) plus selected phosphates (sodium 
acid pyrophosphate, Acid Pyro; sodium hexameta-
phosphate, NaHMP; sodium tripolyphosphate, NaTPP; 
tetrasodium pyrophosphate, Napyro) on cured meat 
color. 
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plate 3. A visual comparison of the effect of sodium 
hydroxide (NaOH) plus selected phosphates (sodium 
acid pyrophosphate. Acid Pyro; sodium hexameta-
phosphate, NaHMP; sodium tripolyphosphate, NaTPP; 
tetrasodium pyrophosphate, Napyro) on cured meat 
color. 
Control 
/NaOH 
Na HMP / NaOH 
Na TPP / NaOH 
/ NaOH 
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Table 40. Effect of selected phosphates^ and sodium 
hydroxide (NaOH) on chopping times and amperes 
Treatment Time to 7.2°C Time from 7.2°C Total Amperes 
(45°P) to 12.8°C (55°P) Time 2 
Controls 4.93 4.19b 9.87 436.60 
0.50% NaHMP 4.85 4.7iab 9.55 407.98 
0.50% NaAPP 4.49 5.22a 9.67 431.97 
0.50% NaTPP 4.82 5.30a 9.89 416.62 
0.50% NaPP 5.05 5.43a 10.49 448.67 
S.E. 0.28 0.22 0.36 22.84 
NO NaOH^ 4.93 5.10 9.84 428.76 
0.125% NaOH 4.70 5.06 9.97 427.55 
S.E. 0.18 0 .14 0.23 14.44 
1 Sodiurn hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (Napp). 
^Minutes. 
^Mean values, N=6 per treatment mean. 
^Mean values, N=15 per treatment mean. 
a,b[i]ean values in a column followed by different 
letters were significantly different (p<0.05). 
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Experiment VII 
Emulsion stability 
The four phosphates exerted the same relative influence 
on emulsion stability (Table 41) as found in Experiment VI. 
All cookout values were lower in this experiment than in 
Experiment VI. Fat and solids were released at very low 
levels, so were deleted from Table 41. Again, the addition 
of NaOH was shown to significantly (p<0.01) decrease total 
cookout plus gel-liquid released. 
Cooked yields 
The four phosphates tested here did not significantly 
(p<0.05) improve cooked yields (Table 41). While NaTPP and 
NaHMP increased cooked yields 0.4% to 0.5%, NaAPP and NaPP 
were much less effective. The raw means (Appendix, Table 15) 
show less difference between the four phosphates when they 
were added without NaOH. However, when NaAPP and NaPP were 
added with NaOH the cooked yields dropped below that of con­
trol . 
PH 
The relative effects of the four phosphates on raw and 
cooked pH values (Table 42) were very similar to those des­
cribed in Experiment VI. The relative effects on pH change 
upon cooking were also similar but the treatment means were 
lower than in Experiment VI. Again, it is observed that the 
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Table 41. Effect of selected phosphates! and sodium 
hydroxide (NaOH) on emulsion stability and cooked 
yields 
Treatment Total Cookout Gel-liquid Cooked Yields 
(ml) (ml) (%) 
Control^ 1.5ia 1.45a 91.70 
0.50% NaHMP 0.94b 0.87° 92.22 
0.50% NaAPP 1.03b 0.99b 91.79 
0.50% NaTPP 0.43° 0.41° 92.13 
0.50% Napp 0.41° 0.39° 91.90 
S.E. 0.12 0.11 0.18 
No NaOH3 0.98** 0.94** 92.21 
0.125% NaOH 0.55 0.51 91.69 
S.E. 0.08 0.07 0.11 
! Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP), and 
tetrasodium pyrophosphate (Napp). 
^Mean values, N=8 per treatment mean. 
3Mean values, N=20 per treatment mean. 
afb,CMean values in a column followed by different 
letters were significantly different (p>0.05). 
**Highly significant (p<0.01). 
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Table 42. The effect of selected phosphatesi and sodium 
hydroxide (NaOH) on raw and cooked pH 
Treatment raw pH^ cooked pH^ pH change 
Control^ 
0.50% NaHMP 
0.50% NaAPP 
0.50% NaTPP 
0.50% Napp 
6.00,3 
6.38b 
5.983 
6.68° 
6.76° 
6.2lb 
6.49° 
6.143 
6.63°d 
6.73d 
+0.21° 
-O.Olb 
+0.09b° 
-0.173 
-0.133 
S. E. 1.32 1.33 0.09 
No NaOH5 
0.125% NaOH 
6.08** 
6.86 
6.24** 
6.79 
+0.11** 
-0.18 
S.E. 0.84 0.84 0.06 
1 Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (Napp). 
^significant phosphate type by NaOH interaction 
(P<0.0001). 
3Significant phosphate type by NaOH interaction 
(p<0.0001). 
^Mean values, N=8 per treatment mean. 
^Mean values, N=20 per treatment mean. 
a,b,c,dMean values in a column followed by different 
letters were significantly different (p<0.05). 
**Highly significant (p<0.01). 
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phosphates resulting in higher raw pH values when added alone 
increased pH less upon cooking. Plus, these same phosphates 
when added with NaOH resulted in a greater decrease in pH 
upon cooking. 
The significant (p<0.0001) interactions of the phos­
phates with NaOH on raw and cooked pH are shown in Pig. 17 
and 18, respectively. 
Color evaluation 
There was no significant (p<0.05) difference between any 
of the treatments in any of three areas (L, a, and b) des­
cribing surface color (Table 43). Though not significant 
(p<0.05), the control resulted in a slightly higher "L" 
value, indicating a lighter surface color and one of the 
lowest "a" values which indicates less red color reflecting 
from the surface. NaOH resulted in significantly (p<0.05) 
lower "L" values but had very little influence on "a" or "b" 
values. 
Textural evaluation 
Only Napp resulted in significantly lower hardness than 
the control, yet the other phosphates decreased hardness 
somewhat (Table 44). This is very likely due to increased 
moisture retention which should result in a lower hardness 
score. NaOH also caused a significant (p<0.01) reduction in 
hardness. None of the four phosphates resulted in cooked 
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Table 43. The effect of selected phosphatesl and sodium 
hydroxide (NaOH) on Hunter color Lab2»3fU 
values 
Treatment l2 a3 bt 
Control 5 63.03 8 .86 12.49 
0.50% NaHMP 62.63 9.16 12.39 
0.50% NaAPP 62.23 8 .86 12.80 
0.50% NaTPP 62.08 8.99 12.41 
0.50% Napp 61.58 9.27 12.30 
S.E. 0.41 0.48 0.42 
NO NaOH6 62.62* 9.11 12.40 
0.125% NaOH 61.74 8.96 12.56 
S.E. 0.26 0.30 0.26 
1 Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophsophate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (Napp). 
2l value: 0=black, 100=white. 
3a value; +=red, -=green. 
••b value: +=blue, -=yellow. 
^Mean values, N=8 per treatment session. 
^Mean values, N=20 per treatment session. 
*Signifleant (p<0.05). 
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Table 44. The effects of selected phosphates^ and sodium 
hydroxide (NaOH) on the textural properties of 
cooked emulsion meat product 
Treatment Hardness^ Cohesiveness3 
Control'* 
0.50% NaHMP 
0.50% NaAPP 
0.50% NaTPP 
0.50% Napp 
67.89^ 
63.573° 
65.453 
61.363b 
59.58b 
0.583b 
0.6 23 
0.633 
0.57b 
0.633 
S.E. 1.76 0.02 
No NaOH5 
0.125% NaOH 
67.05** 
58.13 
0.63* 
0.58 
S.E. 1.11 0.01 
^Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (Napp). 
2First peak height in mm. 
3Ratio of second peak area to first peak area. 
'•Mean values, N=8 per treatment mean. 
^Mean values, N=20 per treatment mean. 
Bf^Mean values in a column followed by different 
letters were significantly different (CO.05). 
*Significant (p<0.05). 
**Highly significant (p<0.01). 
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product cohesiveness which was significantly (p<0.05) differ­
ent from the control. However, NaTPP caused a significant 
(p<0.05) reduction in cohesiveness compared to the other 
three phosphates. NaOH significantly (p<0.05) reduced cohe­
siveness . 
Emulsion viscosity 
Emulsion viscosity was significantly (p<0.001) affected 
by the addition of phosphates (Table 45). NaHMP and NaAPP 
significantly (P<0.05) reduced the viscosity compared to the 
control. NaTPP and Napp significantly (p<0.05) reduced emul­
sion viscosity below that of NaHMP and NaAPP. The addition 
of NaOH also decreased emulsion viscosity significantly 
(P<0.05) . 
Chopper revolutions 
Chopper revolutions to 8.6°C (47.5°F) were significantly 
(p<0.05) less for NaAPP and NaPP than the control but NaPP 
resulted in significantly (p<0.05) more revolutions from 
8.6°C to 12.8°C (55°P) (Table 45). Since the fat portion of 
the meat was added at 8.6°C (47.5°P), it would seem that NaPP 
is exerting some influence on the fat portion resulting in 
more revolutions to reach 12.8°C (55°F). In the total revo­
lutions required to reach 12.8°C (55®F), only NaPP had any 
significant (p<0.05) effect. NaPP's effect on total révolu-
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Table 45. The effects of selected phosphatesl and sodium 
hydroxide (NaOH) on the viscosity of meat 
emulsions and the chopper revolutions required to 
reach specified temperatures 
Chopper revolutions 
Treatment viscosity? to 8.6°C to 12.8°C Total 
(47.5°P) (55°F) 
Controls 593. 7^ 22 .98^ 18. 18b 41. 12ab 
NaHMP 552, .4b 20. 75b 19. 15b^ 39. 90b 
NaAPP 545. 19. 92b 20. leab 40. 13b 
NaTPP 517. 6° 21. 26®b 19. 14b 40. 4lb 
NaPP 501. 9° 20. 35a 22. 24B 42. ,59a 
S.E. 7. 46 0. 53 0, .93 0. 66 
No NaOH*» 541. 9* 22. 76** 18 . 53** 41. 29 
0.125% NaOH 526. 7 18. 46 21. 73 40. 18 
S.E. 4 . 72 0. 33 0. 59 0. 42 
1 Sodium hexaraetaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (NaPP). 
^viscosity in centipoise (cP) units. 
3Mean values, N=8 per treatment mean. 
"•Mean values, N=20 per treatment mean. 
a,b,ct4ean values in a column followed by different 
letters were significantly different (p<0.05). 
*Significant (p<0.05). 
**Highly significant (p<0.01). 
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tions appears to be inversely proportional to its effect on 
viscosity. 
Sensory evaluation 
Evaluation by a consumer-type panel indicated no 
significant (p<0.05) difference in the flavor, texture or 
overall acceptability of vacuum packaged frankfurters held at 
1.7°C (35°F) for 60 days (Table 46). The phosphates, 
particularly Napp, resulted in a flavor that was slightly 
favored over the control. This disagrees with the reports of 
Morse (1955) and Ranken (1976) who described the flavor 
resulting from phosphates in meat as "soapy" and "bitter", 
respectively. 
Table 46. The effect of selected phosphates^ on sensory 
evaluation scores of cooked frankfurters2 
Treatment Flavors Texture3 Overall Acceptability 
Control*» 4.3 4.6 4.4 
NaHMP 4.7 4.6 4.6 
NaAPP 4.7 4.6 4.6 
NaTPP 4.7 4.5 4.6 
Napp 4.8 4.5 4.7 
S.E. 0.29 0.17 0.29 
1 Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP), and 
tetrasodium pyrophosphate (Napp). 
^vacuum packaged and stored at 1.7° (35°F) for 60 days. 
^Hedonic scale; l-dislike extremely to 7-like 
extremely. 
••Mean values, N=3 per treatment mean. 
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Experiment VIII 
Emulsion stability 
Increasing the MgClg proportion of added salts resulted 
in an increase in emulsion cookout (Table 47). The increase 
in cookout was not significant (p<0.05) until the original 
NaCl was reduced by half. 0.5% MgClg alone caused a further 
increase in cookout over the NaCl and MgClg combinations. 
Soluble protein 
Soluble protein was significantly (p<0.05) increased 
with the addition of even the lowest level of MgClg (Table 
48) . Increased MgClg concentration did not result in a 
further significant (p<0.05) increase in soluble protein. 
PH 
Increasing the concentration of MgClg causes a decrease 
in the raw emulsion pH (Table 48). This decrease was only 
significant when comparing treatments of NaCl to NaCl with 
MgClg combinations or when comparing NaCl with MgClg 
combinations to MgClg alone. 
Chopping time 
Chopping time to 4.4°C (40®F) was significantly (p<0.05) 
reduced with the addition of any level of MgClg (Table 49). 
Chopping time to 12.8°C (55°F) and total chopping time to 
12.8°C were reduced by MgClg but not significantly (p<0.05). 
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Table 47. The effect of various combinationsi of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate on emulsion 
stability 
Treatment Total Cookout Gel-liquid Pat Solids 
(ml)2'3 (ml)2't (ml)2'5 (ml)2 
0.92% NaCl 0.90C 0.85c O.OIC 0.02b 
0.75% NaCl/ 
0.093% MgCl, 1.57° 1.54c O.OOC 0.03b 
0.45% NaCl/ 
4.95b 1.38b 0.25% MgCl, 6.57b 0.23b 
0.50% MgClg 12.83a 8.11b 4.25a 0.47a 
S. E. 1.40 0.94 0.42 0.07 
llso-ionic strength. 
^Mean values, N=4 per treatment mean. 
^Highly significant (p<0.0006) contrast between 0.50% 
MgClg and other two MgCl^ treatments. 
^Highly significant (p<0.0002) contrast between 0.50% 
MgClg and other two MgClg treatments. 
^Highly significant (p<0.0001) contrast between 0.50% 
MgClg and other two MgClg treatments. 
a,b,Cf]ean values in a column followed by different 
letters were significantly different (p<0.05). 
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Table 48. The effect of various combinations^ of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate on soluble 
protein and pH of raw emulsions 
Treatment mg soluble protein/g emulsion^ PH2 
0.9 2% NaCl 
0.75% NaCl/ 
0.093% MgClg 
0.46% NaCl/ 
0.25% MgClg 
0.50% MgClg 
57.16b 
70.36® 
71.05® 
72.10® 
6.37° 
6.29b 
6.25b 
6.19® 
S.E. 3.60 1.91 
1iso-ionic strength. 
^Mean values, N=4 per treatment mean. 
Bf^Means values in a column followed by different 
letters were significantly different (p<0.05). 
Table 49. The effect of various combinations^ of sodium 
chloride (NaCl) and magnesium chloride (MgCl) 
plus tetrasodium pyrophosphate on chopping times 
Treatment Time to 4 .4°C Time to 12.8°C Total 
(40°F)2 (55°F)2 TimeZ 
0.92% NaCl 
0.75% NaCl/ 
0.093% MgCl, 
0.46% NaCl/ 
0.25% MgClg 
0.50% MgClg 
14.15® 
10.31^ 
10.27b 
10.46b 
8.33 
7.21 
7.50 
7.44 
22.48 
20.02 
17.77 
17.90 
S. E. 0.61 0.71 1.61 
iiso-ionic strength. 
^Mean values, N=4 per treatment mean. 
S/bnean values in a column followed by different 
letters were significantly different (p<0.05). 
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Textural evaluation 
The addition of 0.5% MgClg alone caused a considerable 
increase in hardness (Table 50) . This increase is very 
likely due to the decrease in moisture retention caused by 
this treatment. This level of hardness was only 
significantly (p<0.05) different from the 0.92% NaCl 
treatment. Cohesiveness values were not significantly 
different (p<0.05) for any of the treatments. 
Table 50. The effect of various combinations 1 of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate on the textural 
properties of cooked emulsion meat product) 
Treatment Hardness^ >3 Cohesiveness^ 
0.92% 
0.75% 
0.46% 
0.50% 
NaCl 
NaCl/0.093% MgClg 
NaCl/0.25%MgCl2 
MgClg 
46.65b 
49.783b 
50.853b 
61.603 
0.58 
0.49 
0.51 
0.59 
S.E. 3.64 0.04 
llso-ionic strength. 
^Mean values, N=4 per treatment mean. 
3First peak height in mm. 
Ratio of second peak area to first peak area. 
BfbMean values in a column followed by different 
letters were significantly different (p<0.05). 
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Experiment ix 
Emulsion stability 
Each decrease in NaCl level resulted in a significant 
(p>0.05) increase in total cookout (Table 51). The other 
components were also increased with decreasing NaCl content, 
but in the case of fat cookout, not significantly (p<0.05). 
Table 52 shows the results of an emulsion test in which 
the raw emulsion was cooked in a 80°C (176°F) waterbath for 
20 minutes. These results compare favorably to results in 
Table 51. The advantage to this modified procedure is that 
each batch of meat emulsion can be heated immediately after 
chopping. This eliminates error due to the long holding 
periods prior to heating commonly occurring with the 
procedure described by Townsend et al. (1968). 
Soluble protein 
Increasing MgClg concentration resulted in increased 
soluble protein levels (Table 53). A significant (p<0.05) 
difference was only observed when comparing 0.75% NaCl to 
either treatments containing NaCl and MgClg. This agrees 
with the results of Experiment VIII (Table 48). 
PH 
While there were no significant (p<0.05) differences, 
increasing MgClg content decreased raw pH and prevented the 
pH from rising upon cooking (Table 53). To the contrary. 
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Table 51. The effect of various combinationsi of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate on emulsion 
stability 
Treatment Total Cookout Gel-liquid Fat Solid 
(ml) 2 (ml) 2 (ml) 2 (ml) 2 
0.7 5% NaCl 0.59° 0.56° O.Olb 0.02° 
0.50% NaCl/ 
0.20% MgClg 2.75b 2.42b 0.27b 0.06b 
0.25% NaCl/ 
0.41% MgClg 10.57a 7.15a 3.22a 0.20a 
S.E. 0.51 0.26 0.32 0.009 
1Iso-chloride concentration. 
^Mean values, N=3 per treatment session. 
afbfCMean values in a column followed by 
different letters were significantly different (p>0.05). 
Table 52. The effect of various combinations 1 of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate on emulsion 
stability^ 
Treatment Total Cookout Gel-liquid Fat Solids 
(ml) 3 (ml) 3 (ml) 3 (ml) 3 
0.75% NaCl 0.42b 0
 
0
 
cr
 
O.Olb O.Olb 
0.50% NaCl/ 
1.89b 0.04b 0.20% MgCl 2.07b 0.15b 
0.25% NaCl/ 
0.41% MgCl 9.02a 5.9ia 2.94a 0.18a 
S.E. 1.06 0.67 0.42 0.02 
1Iso-chloride concentration. 
^Modified procedure. 
^Mean values, N=3 per treatment mean. 
G'^Mean values in a column followed by different 
letters were significantly different (p<0.05). 
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Table 53. The effect of various combinationsl of sodium 
chloride (NaCl) and magnesium chloride (MgClg) 
plus tetrasodium pyrophosphate (Napp) on soluble 
protein and pH of meat emulsions 
Treatment Mg soluble protein raw cooked PH 
/g emulsionZ'3 pH2'3 PH2 r 3 change213 
0.75% NaCl 49.33b 6.50 6.58 +0.08 
0.50% NaCl/ 
0.20% MgClg 62.86® 6.45 6.46 -0.04 
0.25% NaCl/ 
0.40% MgClg 67.12® 6.43 6.25 -0 «16 
S.E. 1.34 2.22 2.17 0.13 
1Iso-chloride concentration. 
^Mean values, N=3 per treatment mean. 
3pH values converted to real numbers for analysis. 
Sfbf^ean values in a column followed by different 
letters were significantly different (p<0.05). 
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Wierbicki et al. (1957) reported that MgCl^ did not prevent 
pH rise upon cooking. 
Chopping time 
The different treatments resulted in no significant 
(p<0.05) effect on chopping times (Table 54). As in 
Experiment VIII, increased MgClg content resulted in a small 
decrease in the time to 4.4°C (40°F) and the total time to 
12.8°C (55°F). 
Table 54. The effect of various combinations^ of sodium 
chloride (NaCl) and magnesium chloride (MgClg), 
plus tetrasodium pyrophosphate on chopping times 
Treatment! Time to 4 .4 ° C 
(40°F)2 
Time from 4.4°C 
to 12.8°C 
(55°F)2'3 
Total 
Time2 
0.75% NaCl 7.42 11.59 19.01 
0.50% NaCl/ 
0.20% MgClg 7.18 11.74 18.92 
0.25% NaCl 
0.41% MgClg 6.67 11.67 18.33 
S.E. 0.22 0.26 0.41 
llso-chloride concentration. 
^Mean values, N=3 per treatment mean. 
^Minutes. 
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Experiment x 
Emulsion stability 
As Napp is added later in the chopping process, emulsion 
stability decreases significantly (p<0.05) (Table 55). The 
addition of Napp can be held off until the emulsion reaches 
6.1°C (43°F) with no significant (p<0.05) decrease in 
emulsion stability. 
Table 55. The effect of the point-of-addition of tetrasodium 
pyrophosphate (Napp) on emulsion stability 
Treatment Total Cookout Gel-liquid Fat Solids 
(ml)1'2 (ml)1'2 (ml)l'2 (ml)l'2 
NO Napp added 2.55® 2.38® 0.10® 0.05® 
Napp added 
initially 
0.69b 0.04b (with NaCl) O.59C 0
 
0
 
to
 
a
 
Napp added at 
6.1°C(43°F) 0.77bc 0.72b 0.04b 0.02b 
Napp added at 
0.98b 0.05b 11.7°C(53°F) 1.05b 0.02b 
S.E. 0.14 0.16 0.01 0.004 
^ml per 34 g emulsion. 
^Mean values, N=8 per treatment mean. 
a,b,cjnean values in a column followed by different 
letters were significantly different (p>0.05). 
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PH 
The addition of Napp at the end of chopping 
significantly (p<0.05) increased the cooked pH but not the 
raw pH (Table 56). When comparing only the NaPP treatments, 
addition of Napp at the final stages of chopping caused a 
significantly (p<0.05) greater pH rise upon cooking than the 
other two NaPP treatments. 
Table 56. The effect of the point-of-addition of tetrasodium 
pyrophosphate (Napp) on raw and cooked pH^ 
Treatment Raw ph2 Cooked ph2 pH changez 
No Napp added 5.963 6.17a +0.21° 
NaPP added initially 
6.60b fo.ioab (with NaCl) 6.49b 
Napp added at 
6.5lb 6.60b 6.1°C(43°F) +0.093 
Napp added at 
+0.14b 11.7°C(53°F) 6.53b 6.67° 
S.E. 1.37 1.38 0.02 
ipH values converted to real numbers for analysis. 
2Mean values, N=8 per treatment mean. 
afbfCMean values in a column followed by different 
letters were significantly different (p<0.05). 
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Color evaluation 
As observed in Experiment VII (Table 43), the addition 
of NaPP initially with NaCl reduces the L value (Table 57). 
Adding NaPP later in the chopping process results in a 
lighter product (L value) which is not significantly (p<0.05) 
different from an emulsion made without added Napp. 
Similarly, the redness score (a value) increased, to a level 
approaching the control, when NaPP was added at the end of 
the chopping process. A color photograph showing the results 
of Table 57 is seen on plate 4. 
Table 57. The effect of the point-of-addition of tetrasodium 
pyrophosphate on Hunter Color Labi»2,3 values 
Treatment l1 '4 a2 ,4 b3 ,4 
NO NaPP added 63.16® 9.43® 11.71° 
Napp initially 
(with NaCl) 61.70b 6.40° 13.05® 
NaPP added at 6.1°C 
(43°F) 62.62® 5.88° 13.16® 
Napp added at 11.7°C 
(53°P) 63.22® 7.27b 12.33b 
S.E. 0.30 
0
 
CM 0
 0.15 
value; 0=black, 100=white. 
2a value: +=red, -=green. 
3b value; +=blue, -=yellow. 
••Mean values, N=8 per treatment mean. 
a,b,Cf4ean values in a column followed by different 
letters were significantly different (p<0.05). 
Plate 4. A visual comparison of the effect of the point-
of-addition of tetrasodium pyrophosphate (NaPyro) 
on cured meat color. 
0.5% Ma Pyro added: 
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Chopping time 
The chopping time required to reach 6.1°C (43°F) should 
logically have only been affected when Napp was added 
initially. The results in Table 58 indicate that only when 
Napp was added at 6.1°C (43°F) was chopping time 
significantly (p<0.05) increased over the control. The time 
from 6.1°C (43°F) to 11.7°C (53°F) was not significantly 
(p<0.05) affected by the different treatments. When 
comparing only the three Napp treatments, as Napp was added 
later in the process, chopping times were significantly 
(p<0.05) reduced. Finally, adding Napp initially or at 6.1°C 
(43°F) significantly (p<0.05) increased the total chopping 
time required to reach 12.8°C (55°F) over the control and the 
third NaPP treatment. 
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Table 58. The effect of the point-of-addition of tetrasodium 
pyrophosphate (NaPP) on chopping times to 
specified temperatures 
Time to Time from Time from 
Treatment 6.1°C 6.1°C to 11.7°C to Total 
(43°F)1'2 11.7*C 12.8°C Timel'2 
(53°F)1'2 (55°F)1'2 
NO NapP added; 6.08b 7.60 0.75 14.53b 
NaPP initially 
6.54ab (with NaCl) ' 8.47 0.76 15.863 
NaPP at 6.1°C 
(43°F) 6.65® 8.17 0.69 15.623 
NaPP at 11.7°C 
6.33®b (53°F) 7.48 0.67 14.58b 
S.E. 0.16 0.14 0.03 0.24 
1 Minutes. 
^Mean values, N=8 per treatment mean. 
afb^ean values in a column followed by different 
letters were significantly different (p<0.05). 
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Experiment XI 
Emulsion stability 
There was no significant (p<0.05) difference between the 
first two points of addition on emulsion stability (Table 
59). The addition of NaPP near the end of chopping resulted 
in a significant (p<0.05) decrease in emulsion stability 
compared to the first two points of addition. 
Table 59. The effect of the point-of-addition of tetrasodium 
pyrophosphate (NaPP) on the emulsion stability of 
reduced sodium^ meat emulsions 
Treatment Total Cookout Gel-liquid Fat Solids 
(ml)2'3 (ml)2'3 (ml)2'3 (ml)2'3 
NaPP added: 
-initially 
1.43b 0.04b (with NaCl) 1.49b O.Olb 
-at 6.1°C 
(43°F) 1.59b 1.52b 0.06b 0.02b 
-at 11.7°C 
(53°F) 11.35a 7.063 4.15a 0.14a 
S.E. 0.69 0.30 0.37 0.03 
^0.60% added sodium chloride (NaCl) in final product. 
2ml per 34 g emulsion. 
^Mean values, N=4 per treatment mean. 
ëf^Mean values in a column followed by different 
letters were significantly different (p<0.05). 
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PH 
The raw and cooked pH values when NaPP was added near 
the end of chopping were significantly (p<0.05) higher than 
when NaPP was added initially with the NaCl (Table 60). 
Furthermore, the pH change due to cooking for the late addi­
tion was significantly (p<0.05) less than for the other two 
treatments. 
Color evaluation 
The addition of NaPP near the end of the chopping caused 
a significant (p<0.05) decrease in lightness (L value) of the 
cooked emulsion (Table 61). On the other hand, this same 
Table 60. The effect of point-of-addition of tetrasodium 
pyrophosphate (NaPP) on the pH of reduced sodium^ 
meat emulsions 
Treatment Raw ph2 ' 3  Cooked ph2'3 pH chanqe2'3 
NaPP added; 
-initially 
(with NaCl) 6.48® 6.61® +0.12® 
-at 6.1°C 
6.50ab 6.63®b (43°F) +0.13® 
-at 11.7°C 
(53°F) 6.56b 6.65b +0.07b 
S.E. 1.94 1.99 0.06 
^0.60% sodium chloride (NaCl) in final product. 
2pH values converted to real numbers for analysis. 
3Mean values, N=4 per treatment mean. 
a/b^ean values in a column followed by different 
letters were significantly different (p<0.05). 
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Table 61. The effect of the point-of-addition of tetrasodium 
pyrophosphate (Napp) on the Hunter Color Lab 
values of reduced sodium^ meat emulsions 
Treatment L2 '3 a2 f t  b2 '5 
Napp added 
-initially 
(with NaCl) 64.385 5.69b 13.19 
-at 6.1°C 
6.24b (43°F) 65.378 13.42 
-at 11.7°C 
(53°F) 58.97b 8.59a 12.87 
S. E. 0.59 0.54 0.26 
l0.60% added sodium chloride (NaCl) in final product. 
^Mean values, N=4 per treatment mean. 
3l value: 0=black, 100=white. 
'^a value: +=red, -=green. 
5b value: +=blue, -=yellow. 
Sfbuean values in a column followed by different 
letters were significantly different (p<0.05). 
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treatment resulted in a significant (p<0.05 increase in 
redness ("a" value), "b" values were not significantly 
(p<0.05) affected by the point-of-addition treatments. A 
color photograph of representative samples appears on plate 
5. 
Chopping times 
The three points-of-addition of Napp in a reduced sodium 
(0.60% NaCl) meat emulsion had no significant (p<0.05) effect 
on the chopping times (Table 62). 
Table 62. The effect of point-of-addition of tetrasodium 
pyrophosphate (Napp) on the chopping times of 
reduced sodium^ meat emulsions 
Treatment 
Time to 
6.1°C 
(43°F)2'3 
Time from 
6.1°C to 
11.7°C 
(53°F)2'3 
Time from 
11.7°C to 
12.8°C 
(55°F)2'3 
Total 
Time2'3 
Napp added; 
-initially 
(with NaCl) 6.26 7.76 0.82 14.91 
-at 6.1°C 
(43°F) 5.98 7.50 0.68 14.24 
-at 11.7°C 
(53°P) 6.07 7.51 0.73 14.58 
S.E. 0.45 0.35 0.10 0.60 
^0.60% sodium chloride (NaCl) in final product. 
^Minutes. 
3Mean values, N=4 per treatment mean. 
Plate 5. A visual comparison of the effect of the point-
of-addition of tetrasodium pyrophosphate (NaPyro) 
on cured meat color. 
0.5% Na Pyro added 
with 0.6% NaCI 
H* 
00 
to 
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Experiment XII 
Color evaluation 
Sodium tripolyphosphate (NaTPP) and tetrasodium 
pyrophosphate (NaPP) were observed to significantly increase 
lightness ("L" value) and reduce reflected redness ("a") 
scores (Table 63). "L" values decreased significantly 
(p<0.05) when the emulsion was not cooked immediately after 
chopping. The "a" values increased with increased holding 
time to the point that the effect of a 60 minute holding time 
was significant (p<0.05). Significant (p<0.001) linear 
(p<0.008) and linear (p<0.0008) effects of holding time on L, 
a and b values, respectively, were observed. These effects 
are plotted in Figs. 19-21. The results of Table 63 are also 
shown in Plate 6. 
PH 
NaTPP and NaPP significantly (p<0.05) increased raw and 
cooked pH (Table 64). The cooked pH values for the phosphate 
treatments may be superficially high as these treatment means 
were averaged over the four holding times. As holding time 
increased to 40 and 60 minutes, cooked pH was found to be 
significantly (p<0.05) higher than for the emulsions cooked 
immediately after chopping. The pH of the phosphate-treated 
emulsions increased less upon cooking than the control. 
184 
Table 63. The effect of holding timei prior to cooking on 
the color characteristics of phosphateZ treated 
meat emulsions. 
Treatment L3 a" bS 
NO phosphate^ 
NaTPP 
Napp 
63.19b 
64.90® 
64.67® 
8.59® 
6.64b 
5.76C 
II.75C 
12.56b 
13.07® 
S.E. 0.21 0.34 0.17 
Time ' 
Time B 
Time C 
Time D 
64.86® 
63.95b 
63.97b 
64.24b 
6.67b 
6.93®b 
6.96®b 
7.44® 
12.79® 
12.47b 
12.38b 
12.20b 
S.E. 0.17 0.18 0.11 
^Holding times: A=0-5 minutes, 6=20-25 minutes, C=40-45 
minutes, D=60-65 minutes. 
20.50% sodium tripolyphosphate (NaTPP) or tetrasodium 
pyrophosphate (Napp). 
3l value: 0=black, 100=white. 
"•a value: +=red, -=green. 
5b value: +=blud, -=yellow. 
Gwean values, N=16 per treatment mean. 
/Mean values, N=12 per treatment mean. 
afb,CMean values in a column followed by different 
letters were significantly different (p<0.05). 
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Fig. 19. The effect of holding time prior to cooking on the 
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Plate 6. A visual comparison of the effect of holding 
times prior to cooking of phosphate-treated 
(sodium tripolyphosphate, NaTPP and tetrasodium 
pyrophosphate, NaPyro) meat emulsions on cured 
meat color. 
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Table 64. The effect of holding timel prior to cooking on 
the pH values of phosphateZ treated meat 
emulsions 
Treatment raw 
PH3 
cooked 
PH3 
PH , 
change 3 
NO phosphate^ 
NaTPP 
Napp 
5.95a 
6.38b 
6.48° 
6.163 
6.52b 
6.62° 
+0.20 
+0.13 
+0.13 
S.E. 0.99 0.98 0.03 
Time 
Time B 
Time C 
Time D 
6.37a, 
6.38ab 
6.40b 
6.40b 
S.E. 1.13 
^Holding times; A=0-5 minutes, B=20-25 minutes, C=40-45 
minutes, D=60-65 minutes. 
20.50% sodium tripolyphosphate (NaTPP) or tetrasodium 
pyrophosphate (Napp). 
3pH values were converted to real numbers for analysis. 
^Mean values, N=16 per treatment mean. 
5Mean values, N=12 per treatment mean. 
a,b,CMean values in a column followed by different 
letters were significantly different (p>0.05). 
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DISCUSSION 
phosphates and sodium chloride 
In an attempt to learn more about the effects of alka­
line phosphates in meat emulsions, two levels of sodium and 
potassium salts of tripoly- and pyrophosphate (NaTPP, Napp, 
KTPP and KPP) were compared with the addition of two reduced 
levels of sodium chloride (NaCl). 
The results indicate that NaPP and KPP resulted in more 
stable emulsions than NaTPP and KTPP (Table 14). This effect 
is due to the anions (TPP~ and PP~) compared. The relative 
effect of the two anions reported here agrees with the 
results of Shults et al. (1972) and Shults and Wierbicki 
(1973). Jauregui (1981) reported similar results when NaPP 
and NaTPP were added on a per cent basis as in this study. 
However, when these two phosphates were added on a molar 
basis, there was no difference in their effect on WHC. 
Figures 6 and 7 show that at the higher Nad level 
tested (1.50%) the phosphates in general contributed less to 
emulsion stability than at the lower salt level (0.75%). 
The effect of phosphates and NaCl on the soluble protein 
level of meat emulsions was investigated to help explain the 
effects of these same treatments on emulsion stability. The 
relative effect of KPP on soluble protein (Table 16) compares 
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favorably to its effect on emulsion stability, however, Napp 
appears to have a relatively smaller effect on soluble 
protein than it has on emulsion stability. This suggests 
that other factors are responsible for Napp's influence on 
emulsion stability. 
Doubling added phosphate level in the range tested 
significantly (p<0.05) increased soluble protein (Table 17). 
This would be expected and is probably due to a combination 
of pH, ionic strength and actomyosin dissociation effects 
(Sherman, 1961a; Ishioroshi et al. 1979; and Bendall, 1954). 
Doubling NaCl level did not have a significant (p<0.05) 
effect on soluble protein. The interaction of sodium 
chloride level with phosphate level (shown in Fig. 9) is not 
easy to explain but may be the cause of the effects of sodium 
chloride level on soluble protein mentioned earlier. While 
this interaction seems questionable, the raw soluble protein 
mean values (Appendix, Table 2) show that this trend was 
observed in the cases of all four phosphates tested. 
The effect of the phosphates tested on raw pH 
corresponded more closely with the emulsion stability data 
(Table 14) than did their effect on soluble protein (Table 
17). This would suggest that the pH effect of phosphates was 
more important to emulsion stability than soluble protein 
level. 
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The effect of phosphates on the WHC of raw emulsions was 
monitored and compared to their effect on emulsion stability 
upon cooking. The relative effect of the four phosphates and 
the significance of the differences are identical when 
comparing the results of WHC-1 hour (Table 18) with total 
cookout (Table 14) and WHC-24 hours with gel-liquid released 
(Table 14). This would indicate that the effect of 
phosphates on the WHC of the raw emulsion is very similar to 
its effect on emulsion stability upon cooking. 
The data (Table 18 and 19) show that WHC at 24 hours is 
always better than at 1 hour. This agrees with the results 
of Bendall (1954) and supports his theory that some time is 
needed to reach the full potential of added phosphates on the 
WHC of meat. 
The higher NaCl level decreased hardness probably due to 
its effect on increasing moisture retention upon cooking. 
From these data, it is not apparent why phosphates, which 
also increase moisture retention, did not have a more 
consistent effect on hardness. 
Sodium Hydroxide (NaOH) 
Upon comparing the pH data in Table 17 with emulsion 
stability data in Table 14, it appeared as though the pH 
increase due to the addition of phosphates was a major factor 
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influencing emulsion stability. This hypothesis was tested 
by comparing the addition of NaOH and phosphates on the 
formation and stability of meat emulsions. 
The addition of NaOH alone improved emulsion stability, 
but to a lesser extent than Napp alone (Table 33). The 
combination of these two ingredients further increased 
emulsion stability. The interaction of NaOH with NaPP on 
total cookout (Fig. 13) indicated that in the presence of 
NaOH, Napp's relative influence on emulsion stability is 
considerably reduced. 
NaOH added with various phosphates (NaHMP, NaAPP, NaTPP 
or NaPP) resulted in improved emulsion stability over the 
control in all cases (Tables 37 and 41). In Experiment VI, 
using the Hobart food chopper, these four phosphates 
decreased total cookout in the following order: NaHMP<NaAPP 
<NaTPP<NaPP (Table 37). However, in Experiment VII, using 
commercial size equipment, the order of decreased total cook­
out was; NaAPP<NaHMP<NaTPP, NaPP (Table 41). NaOH, with 
phosphate effects absorbed, resulted in a highly significant 
(p<0.01) decrease in total cookout for both experiments. The 
cookout values were lower in Experiment VII than VI 
indicating that the commercial meat chopper used here 
produced a more stable emulsion than the Hobart food chopper 
used in Experiment VI. 
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On the other hand, NaOH reduced cooked yields of 
frankfurters when combined with phosphates (Table 41). This 
was particularly true when NaOH was added with NaAPP or NaPP. 
In these two cases, yields were reduced below the yield of 
the control (Appendix, Table 15). With NaOH effects 
absorbed, there was no significant (p<0.05) difference among 
the four phosphates on cooked yield (Table 41). 
While neither NaOH or NaPP alone significantly (p<0.05) 
increased the soluble protein level (Table 34), there was a 
significant (p<0.04) interaction between NaPP and NaOH on 
solubilizing protein (Fig. 14). This interaction indicates 
that the addition of NaOH and NaPP in combination is 
affecting the meat proteins in some manner which decreases 
the solubilization of proteins compared to their addition 
individually. An observation during the soluble protein 
determination which may help explain this phenomenon was the 
increase in the white precipitate following centrifugation of 
the emulsion samples which had been treated with NaOH and 
NaPP in combination. This suggests that such a treatment was 
causing precipitation of proteins. 
NaOH, as well as NaPP, significantly (p<0.01) increased 
emulsion pH (Table 34). NaOH increases pH to a greater 
extent than NaPP, however, NaPP enhances emulsion stability 
more than NaOH (Table 33). This would suggest that while 
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increasing pH definitely has an effect on stabilizing meat 
emulsions, some other characteristic of Napp is exerting an 
influence above and beyond that of the pH effect. Nearly 80% 
of NaPP's effect on WHC has been attributed to a pH effect 
(jauregui, 1981). The raw mean values (Appendix, Table 8) 
show that the mean pH values of emulsions treated with both 
NaOH and NaPP is approximately 6.8. While this pH range 
would be near optimum for solubilization of salt-soluble 
proteins, the solubility of collagen would be decreased 
(Lowry et al., 1941). This high pH was not detrimental to 
emulsion stability (Table 37), but Trautman (1966) has 
reported an optimal pH, near 6.0, for water binding in com­
minuted meat products. 
The highly significant (p<0.004) interaction between 
NaOH and NaPP (Fig. 15) indicated that in the presence of 
NaOH, NaPP's influence on pH is decreased. 
The pH values for the different phosphates (NaHMP, 
NaAPP, NaTPP and NaPP) in meat emulsions (Table 38) relates 
well to their relative effect on the pH in water (Ellinger, 
1972) . The pH change of meat emulsions upon cooking (Tables 
38 and 42) seems to depend upon the raw pH. The higher the 
raw pH values, the less pH rises upon cooking. 
The addition of NaOH and phosphates significantly 
(p<0.05) reduced emulsion viscosity (Table 45). Absorbing 
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the effect of NaOH, the treatments in order of significant 
(p<0.05) viscosity decrease were; 
ControKNaHMP, NaAPP<NaTPP ,NaPP. 
These results agree with Hamm (1975) who reported that NaPP 
reduced the viscosity of meat homogenates. 
The addition of NaOH with phosphates detrimentally 
affected the cured color development (Tables 39 and 43). 
Cured Color Development 
Increased emulsion pH, due to the addition of NaOH and 
various phosphates (Table 38 and 64), decreased the cured 
color development of meat emulsions (Plates 1, 2, and 3) 
reflected as "a" value (Tables 39 and 63). This pH effect 
agrees with the results of Fox and Thomson (1963). NaAPP and 
NaHMP resulted in significantly (p<0.05) lower cooked pH 
values (Table 38) and significantly (p<0.05) higher "a" 
values (Table 39) than either NaTPP or NaPP. While NaAPP had 
been approved for some time for use in meat emulsions to aid 
in cured color development, raw mean values (Appendix, Table 
13) show that NaAPP alone resulted in lower "a" values than 
the control. "L" and "b" values were not significantly 
(p<0.05) affected by the different phosphates. The Hunter 
Lab values for phosphate treatments in Experiment VII dif­
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fered considerably from those of Experiment VI. This may be 
due to delaying the cooking process in Experiment VII until 
all nine emulsion batches were made. In Experiment VI, the 
cured color was fixed by fully cooking within 20-25 minutes 
after the chopping of each batch was completed. 
The effect of holding time prior to cooking on the cured 
color of phosphate-treated emulsions is observed in Table 63 
and Plate 6. Allowing NaTPP or NaPP-treated meat emulsion to 
stand for 60 minutes prior to cooking, significantly (p<0.05) 
improved the redness ("a" value) score over emulsions cooked 
immediately after chopping. "L" and "b" values decreased 
with increased holding time prior to cooking. 
Cured color development was also enhanced by adding the 
phosphate (NaPP) later in the chopping process (Tables 57 and 
61; Plates 4 and 5). The "a" value was significantly 
increased when Napp was added near the end of the chopping 
process as opposed to initial addition with the NaCl. This 
could be attributed to the additional time given for the 
nitrite to be reduced to nitric oxide before the addition of 
Napp. It is interesting that the Napp treatment resulting in 
the highest cooked pH (Tables 56 and 60) allowed for the more 
desirable cured color. The "L" and "b" values were affected 
by the point-of-addition of Napp (Tables 57 and 61) but no 
obvious trends were observed. The decrease in the "L" value 
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(Table 61) in Experiment XI was probably due to the excessive 
cookout which resulted from adding Napp late in the chopping 
process. Increased cookout would have concentrated the solid 
portions of the emulsion, resulting in a darker color. The 
"a" value for this point-of-addition treatment was higher 
than in Experiment x, also indicating a concentration of 
cured meat pigment. 
Magnesium Chloride and Pyrophosphate 
The combination of MgClg and pyrophosphate has been used 
in the extraction of myosin from meat (Penny, 1968). The 
increased solubilization of myosin would be expected to 
enhance emulsion stability. This hypothesis was tested and a 
discussion of the results follows. 
At constant ionic strength, increasing MgClg concentra­
tion significantly (p<0.05) increased the cookout of all 
components of the emulsion stability test (Table 47). This 
could be attributed to the accepted detrimental effect of 
divalent cations on the water-holding capacity of meat 
(Schut, 1976). Additionally, in keeping ionic strength con­
stant over all treatments, the chloride ion concentration 
decreased as MgClg concentration increased. This decrease in 
chloride ion concentration may have been the cause of the 
reduced emulsion stability. 
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Even when chloride ion concentration was kept constant 
each level of decreasing NaCl content resulted in a signifi­
cant (p<0.05) decrease in emulsion stability (Tables 51 and 
52). The magnesium content would be increasing to a greater 
extent in such combinations and is the apparent reason for 
the decrease in emulsion stability under these circumstances. 
As expected, the presence of MgClg significantly 
(p<0.05) increased the soluble protein level of raw emulsions 
(Tables 48 and 53). This agrees with the results of penny 
(1968) who reported pyrophosphate plus magnesium chloride 
extracted more myosin from pre-rigor meat than potassium 
chloride. The meat used in this experiment was not in the 
pre-rigor state, however, Mommaerts (1948) reported that the 
presence of magnesium enhanced the effect of pyrophosphate in 
reduction the viscosity of actomyosin solutions. This would 
suggest that magnesium chloride and pyrophosphate are causing 
the dissociation of actomyosin and increasing the solubility 
of myosin. This increase in soluble protein due to MgClg was 
apparently not enough to counteract the detrimental effect of 
magnesium cations on emulsion stability (Table 47, 51, and 
52). In these experiments, higher concentrations of MgCl^ 
did not further increase soluble protein significantly 
(p<0.05). 
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MgClg significantly (p<0.05) decreased raw pH (Table 48) 
when ionic strength was kept constant. This could be due to 
the previously mentioned decrease in chloride ion 
concentration, just as the addition of NaCl increases 
chloride ion concentration and pH (German and Swift, 1954), 
so may decreasing chloride ion concentration decrease pH. 
When constant chloride concentration was maintained, MgClg 
had no significant (p<0.05) effect on pH but it appeared to 
slightly decrease raw pH, cooked pH and pH change upon 
cooking (Table 53). A decrease in protein pH due to MgClg 
was previously reported by Ghosh and Mihalyi (1952). 
The addition of MgClg significantly (p<0.05) decreased 
the chopping time to reach 4.4°C (40°F) (Table 49). If 
magnesium chloride and pyrophosphate were causing the 
dissociation of actomyosin, it would be expected that they 
would also decrease the viscosity of emulsions as was 
reported to occur in actomyosin solutions by Mommaerts 
(1948). Such a decrease in emulsion viscosity should 
decrease frictional heat build-up during chopping and result 
in longer chopping times to reach specified temperatures. 
The presence of MgClg also decreased the other chopping times 
monitored but not significantly. Similarly, in the case of 
constant chloride ion concentrations, MgClg decreased 
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chopping time to reach 4.4°C (40°F) and total time to reach 
12.8°C (55°F) but not significantly (p<0.05). 
Mechanics of Phosphate Addition 
previous studies had suggested that the point during 
chopping and the manner in which phosphates were added would 
affect the characteristics of the resultant emulsions. Some 
of these factors were examined and the results are discussed 
below. 
While there was no significant (p<0.05) difference in 
the order of addition of NaCl and NaPP on emulsion formation 
and stability (Tables 25-28), the addition of NaCl and NaPP 
simultaneously slightly decreased emulsion stability. Even 
though higher additive levels or longer time periods between 
additives might have resulted in greater differences, this 
experiment indicated that adding NaCl and NaPP in one step at 
the beginning of chopping will form and stabilize an emulsion 
as well as any other scheme for order of addition. 
The form in which Napp was added had no significant 
(p<0.05) effect on the formation and stability of reduced 
sodium meat emulsion products (0.75% sodium chloride in final 
product) (Tables 29-32) . However, NaPP in solution seemed to 
be slightly more beneficial in stabilizing the emulsion. 
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The addition of NaPP can be held off until the emulsion 
reaches 6.1°C (43°F) with no significant (p>0.05) decrease in 
emulsion stability (Table 55). However, adding NaPP nearer 
the end of the chopping process results in significant 
(p<0.05) increase in total cookout. This level of cookout 
was still significantly {p<0.05) lower than for the treatment 
without NaPP. When investigating the effect of the point-of-
addition of NaPP with reduced NaCl emulsions (0.60% NaCl), 
the emulsion stability decreased considerably more when NaPP 
was added near the end of chopping (Table 59) than in the 
case of higher NaCl levels (2.25%). This suggests that when 
the stability is stressed by reducing NaCl content, NaPP 
needs more time to interact with meat proteins to maintain 
good stability. 
Raw emulsion pH seems to increase slightly as NaPP was 
added later in the chopping of emulsions containing typical 
NaCl levels (2.25%) (Table 56). In the case of reduced NaCl 
emulsions, this pH increase was significant (p<0.05) (Table 
60). The pH change upon cooking, for the higher NaCl 
treatment was significantly (p<0.05) greater when NaPP was 
added near the end of chopping (Table 56). This disagrees 
with previous results (Tables 38, 42, and 64) where the 
treatments resulting in the highest raw pH also allowed pH to 
increase less upon cooking. However, these results agree 
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with the effect of MgClg on pH change with cooking (Table 
53). 
The cooked pH, in the case of the reduced NaCl 
emulsions, was significantly (p<0.05) reduced as raw pH 
increased (Table 60). This agrees with results in Tables 38, 
42 and 64, in which NaCl level was 2.25% of the final 
product. Hamm and Deatherage (1960) also reported that meat 
with higher initial pH resulted in less pH increase upon 
cooking. 
Preblending with phosphates 
Earlier reports (Bendall, 1954; Swift and Ellis, 1956) 
indicated that, despite the inherent hydrolysis of phos­
phates, preblending meat with NaCl for 16 to 24 hours did not 
result in a decrease in WHO. The effect of preblending of 
NaTPP and NaPP at reduced NaCl (0.75%) on emulsion stability 
was studied and a discussion of the results follows. 
With phosphate treatment absorbed, preblending had no 
significant (p<0.05) effect on emulsion stability (Table 21). 
As expected, NaTPP significantly (p<0.05) reduced the cookout 
of all components of the emulsion stability test. NaPP 
significantly (p<0.05) reduced total, and gel-liquid cookout 
beyond that of NaTPP. Mean raw values (Appendix, Table 6) 
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indicate that when preblended for 16 hours, NaTPP resulted in 
a more stable emulsion, and NaPP, a less stable emulsion. 
Other researchers (Bendall, 1954; and Swift and Ellis, 1956) 
have observed no decrease in WHC when preblending with NaPP 
at higher sodium chloride levels. This indicates that the 
hydrolysis of NaPP to orthophosphate in meat would not result 
in a lower WHC if the sodium chloride level was high enough 
to maintain the protein solubility enhanced by the initial 
contact of Napp with muscle protein. The results reported 
here differ because a lower NaCl level was used in emulsion 
formation. It is highly probable that at reduced sodium 
chloride levels the NaTPP was partially hydrolyzed to NaPP 
resulting in increased emulsion stability while the NaPP was 
further hydrolyzed to orthophosphate resulting in a decreased 
emulsion stability. These data indicated that at reduced 
NaCl levels, preblending with NaTPP and NaPP were not detri­
mental to emulsion stability and that the presence of NaTPP 
or NaPP may eliminate the need for preblending to enhance 
emulsion stability. 
Preblending did not significantly (p<0.05) increase 
soluble protein, however, as expected NaTPP and Napp did 
increase soluble protein. 
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CONCLUSIONS 
1. NaPP and KPP resulted in higher raw pH, greater 
protein solubility and improved emulsion stability 
compared to NaTPP or KTPP. 
2. increasing the NaCl level from 0.75% to 1.50% decreased 
the relative effects of phosphate type and level on 
emulsion stability. 
3. Preblending with NaTPP or NaPP at a reduced NaCl level 
(0.75%) for 16 hours resulted in no detrimental effect 
upon emulsion stability. 
4. Neither the order of NaPP addition in relation to that 
of NaCl nor the form of its addition (dry or solution) 
affected emulsion stability or the soluble protein 
level. 
5. While 0.075% NaOH resulted in a higher raw emulsion pH 
and greater solubilized protein than 0.30% NaPP, NaPP 
resulted in a more stable emulsion. 
6. The combination of 0.075% NaOH and 0.30% NaPP resulted 
in a soluble protein level less than when the ingre­
dients were added individually and only slightly higher 
than if neither were present. 
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7. NaOH and the four phosphates tested resulted in a 
decrease in "a" value and cured color when emulsions 
were cooked immediately after chopping. 
8. NaOH, NaTPP and NaPP increased raw pH above that of the 
control to a greater extent than NaHMP, but allowed for 
less pH increase upon cooking than NaHMP, NaAPP and the 
control. 
9. The four phosphates (NaHMP, NaAPP, NaTPP and NaPP) 
resulted in the same frankfurter cooked yield which was 
slightly higher than the control. The addition of NaOH 
(at 1 part NaOH to 4 parts phosphate) decreased all 
cooked yields and in the cases of NaAPP and NaPP, NaOH 
reduced yields below that of the control. 
10. The phosphates tested reduced emulsion viscosity in the 
following order; NaHMP, NaAPP<NaTPP, Napp. NaOH 
further reduced the viscosity when added with either 
NaHMP or NaAPP but increased the viscosity when added 
with either NaTPP or Napp. 
11. Increasing the level of MgClg addition in the presence 
of NaPP increased the soluble protein level but reduced 
emulsion stability, regardless of whether ionic strength 
or chloride ion concentration were held constant. 
208 
12. The addition of NaPP near the end of the chopping 
process reduced emulsion stability but improved cured 
color development or "a" value. This effect was even 
more dramatic at reduced NaCl lavels (0.6% compared to 
more typical NaCl levels (2.25%). 
13. Adding Napp late in the chopping process resulted in a 
higher raw pH but less pH increase upon cooking compared 
to adding Napp initially with NaCl. 
14. Holding phosphate-treated emulsions for an hour prior to 
cooking resulted in higher "a" values or better cured 
color development compared to phosphate-treated 
emulsions cooked immediately after chopping. 
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0.6 M NaCl 
70.2 g NaCl - made to volume with d/d water in 2 liter 
volumetric 
Biuret Reagent 
(a) 3 g CUSO4.5 HgO 
(b) 12 g NaK tartrate 
(c) 60 g NaOH 
added after (a) and (b) are dissolved 
(d) made to volume with d/d water in 2 volumetric flask 
(e) stored in a brown bottle 
Physiological Saline 
8.5 g NaCl - made to volume with d/d water in 1 liter 
volumetric flask 
Salt determination 
Extracting solution; 
Add 6.3 ml nitric acid to 800 ml distilled and 
deionized water to 1 liter volumetric flask 
Make to 1 liter volume with d/d water 
Sodium chloride (NaCl) stock solution; 
Add 2.500 g reagent grade sodium chloride to 100 ml 
volumetric flask 
Make to 100 ml volume with d/d water 
0.025% NaCl standard: 
Add 1.0 ml of NaCl stock solution to 100 ml 
volumetric flask 
Make to 100 ml volume with extracting solution 
0.25% NaCl standard; 
Add 10.0 ml of NaCl stock solution to 100 ml 
volumetric flask 
Make to 100 ml volume with extracting solution 
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Quimociac Reagent - Dissolve 70 g of sodium molybdate dihy-
drate in 150 ml of distilled water. Dissolve 60 g of citric 
acid in a mixture of 85 ml concentrated nitric acid (HNOg -
sp. gr. 1.42) and 150 ml of distilled water and cool. 
Gradually add the raolybdate solution to the citric-nitric 
solution, with stirring. Dissolve 5 ml of synthetic quino-
line in a mixture of 35 ml nitric acid and 100 ml distilled 
water. Gradually add this solution to the molybdic-citric-
nitric acid solution, mix well, and let stand overnight (24 
hours). Filter solution if turbid. Add 280 ml acetone, 
dilute to 1 liter with distilled water and mix. Store 
reagent in a polyethylene bottle. 
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Table 1. The effect of phosphate typel, phosphate level and 
sodium chloride (NaCl) level on emulsion stability 
Treatment Total cookout Gel-liquid Fat Solids 
(ml)2 (ml)2 (ml)2 (ml)2 
0.75% NaCl/ 
0.15% NaTPP 7.62 6.47 0.93 0.23 
0.75% NaCl/ 
0.15% Napp 5.01 4.67 0.21 0.13 
0.75% NaCl/ 
0.15% KTPP 7.21 6.42 0.61 0.18 
0.75% NaCl/ 
0.15% KPP 6.42 6.00 0.43 0.15 
0.75% NaCl/ 
0.30% NaTPP 2.85 2.61 0.22 0.03 
0.75% NaCl/ 
0.30% Napp 2.99 2.74 0.21 0.04 
0.75% NaCl/ 
0.30% KTPP 4.50 4.21 0.23 0.06 
0.75% NaCl/ 
0.30% KPP 2.15 1.97 0.17 0.02 
1.50% NaCl/ 
0.15% NaTPP 0.58 0.50 0.07 0.01 
1.50% NaCl/ 
0.15% Napp 0.61 0.55 0.31 0.01 
1.50% NaCl/ 
0.15% KTPP 0.79 0.72 0.06 0.01 
1.50% NaCl/ 
0.15% KPP 0.56 0.49 0.32 0.01 
1.50% NaCl/ 
0.30% NaTPP 0.34 0.29 0.03 0.01 
1.50% NaCl/ 
0.30% Napp 0.37 0.32 0.02 0.01 
1.50% NaCl/ 
0.30% KTPP 0.36 0.32 0.03 0.01 
1.50% NaCl/ 
0.30% KPP 0.37 0.31 0.02 0.01 
1 Sodium tripolyphosphate (NaTPP), tetrasodium 
pyrophosphate (Napp), potassium tripolyphosphate (KTPP), and 
tetrapotassium pyrophosphate (KPP). 
2ml cookout per 34 g emulsion. 
230 
Table 2. The effect of phosphate typei, phosphate level and 
sodium chloride (NaCl) level on soluble protein, 
raw emulsion pH and product hardness 
Treatment mg soluble 
protein/g emulsion 
PH Hardness 
0.75% NaCl/0.15% NaTPP 51.26 6.16 62.20 
0.75% NaCl/0.15% NapP 50.05 6.22 59.15 
0.75% NaCl/0.15% KTPP 48 .55 6.14 62.75 
0.75% NaCl/0.15% KPP 51.82 6.21 70.60 
0 .75% NaCl/0.30% NaTPP 49.90 6.31 55.20 
0.75% NaCl/0.30% Napp 50.95 6.38 61.20 
0.75% NaCl/0.30% KTPP 48.51 6.28 56.70 
0.75% NaCl/0.30% KPP 54.54 6.37 51.05 
1.50% NaCl/0.15% NaTPP 46.89 6.22 52.30 
1.50% NaCl/0.15% NaPP 45.93 6.24 50.40 
1.50% NaCl/0.15% KTPP 44.98 6.19 50.50 
1.50% NaCl/0.15% KPP 49.58 6.24 50.70 
1.50% NaCl/0.30% NaTPP 53.17 6.34 51.50 
1.50% NaCl/0.30% NaPP 52.89 6.36 49.00 
1.50% NaCl/0.30% KTPP 50 .26 6.29 53.60 
1.50% NaCl/0.30% KPP 57.65 6.40 45.05 
1 Sodium tripolyphosphate (NaTPP), tetrasodium pyrophos­
phate (Napp), potassium tripolyphosphate (KTPP) and tetra-
potassium pyrophosphate (KPP). 
Zpeak height in mm. 
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Table 3. The effect of phosphate typei, phosphate level and 
sodium chloride (NaCl) level on water-holding 
capacity (WHC) at 1 hr and 24 hr 
Treatment WHC - 1 hr^ WHC - 24 hr3 
0.75% NaCl/0.15% NaTPP 13.83 11.86 
0.75% NaCl/0.15% NaPP 12.86 10.64 
0.75% NaCl/0.15% KTPP 13.22 11.36 
0.75% NaCl/0.15% KPP 13.68 11.42 
0.75% NaCl/0.30% NaTPP 13.20 10.07 
0.75% NaCl/0.30% NaPP 13.33 10.56 
0.75% NaCl/0.30% KTPP 13.16 11.17 
0.75% NaCl/0.30% KPP 12.61 9.00 
1.50% NaCl/0.15% NaTPP 11.00 8.61 
1.50% NaCl/0.15% NaPP 10.44 8.12 
1.50% NaCl/0.15% KTPP 11.63 9.14 
1.50% NaCl/0.15% KPP 10.42 8.14 
1.50% NaCl/0.30% NaTPP 7.06 2.20 
1.50% NaCl/0.30% NaPP 5.55 1.17 
1.50% NaCl/0.30% KTPP 9.94 4.14 
1.50% NaCl/0.30% KPP 6.66 2.18 
^Sodium tripolyphosphate (NaTPP)/ tetrasodium pyrophos­
phate (NaPP), potassium tripolyphosphate (KTPP) and tetra-
potassium pyrophosphate (KPP). 
^ml expressible moisture after 1 hr. 
3ml expressible moisture after 24 hr. 
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Table 4. The effect of phosphate^ and preblending on 
emulsion stability 
Treatment Total cookout Gel-liquid Fat Solids 
(ml) 2 (ml) 2 (ml) 2 (ml) 2 
No phosphate/ 
Non-preblended 14.60 8.89 5.26 0.45 
No phosphate/ 
preblended 14.84 8.69 5.68 0.52 
0.30% NaTPP/ 
Non-preblended 6.77 5.62 1.01 0.14 
0.30% NaTPP/ 
Preblended 5.16 4.61 0.44 0.11 
0.30% Napp/ 
Non-preblended 3.62 3.24 0.31 0.07 
0.30% Napp/ 
preblended 4.71 4.20 0.44 0.10 
^Sodium tripolyphosphate (NaTPP) and tetrasodium pyro­
phosphate (Napp). 
2ml cookout per 34 g emulsion. 
Table 5. The effect of phosphates! and preblending on the 
soluble protein of raw emulsions 
Treatment mg soluble protein/g emulsion^ 
No phosphate/Non-preblended 50.34 
No phosphate/Preblended 48.67 
0.30% NaTPP/Non-preblended 53.90 
0.30% NaTPP/Preblended 56.67 
0.30% NaPP/Non-preblended 57.35 
0.30% Napp/preblended 59.64 
1 Sodium tripolyphosphate 
phosphate (NaPP). 
(NaTPP) and tetrasodium pyro 
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Table 6. The effect of phosphatesi and preblending on the 
textural characteristics of cooked emulsion 
product 
Treatment 
No phosphate/Non-preblended 
No phosphate/preblended 
0.30% NaTPP/Non-preblended 
0.30% NaTPP/Preblended 
0.30% NaPP/Non-preblended 
0.30% NaPP/Preblended 
Control 15.90 
0.075% NaOH 3.61 
0.30% NaPP 1.75 
0.075% NaOH/0.30% NaPP 0.63 
Hardness2 Cohesiveness^ 
53.13 0.59 
51.93 0.60 
43.13 0.58 
51.60 0.51 
49.93 0.58 
51.83 0.53 
s 
1 
9.39 6.10 0.41 
3.30 0.24 0.07 
1.64 0.07 0.11 
0.60 0.003 0.10 
1 Sodium tripolyphosphate (NaTPP) and tetrasodium pyro­
phosphate (NaPP). 
2First peak height in mm. 
3Ratio of second peak area to first peak area. 
Table 7. The effect of sodium hydroxide (NaOH) and 
tetrasodium pyrophosphate (NaPP) on emulsion 
stability 
Treatment Total cookout Gel-liquid Fat Solid 
(ml)1 (ml)1 (ml)^ (ml) 
iml cookout per 34 g emulsion. 
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Table 8. The effect of sodium hydroxide (NaOH) and 
tetrasodium pyrophosphate (Napp) on soluble protein 
and pH of raw emulsion 
Treatment mg soluble pH 
protein/g emulsion 
Control 
0.075% NaOH 
0.30% Napp 
0.075% NaOH/0.30% NaPP 
49.07 5.95 
61.23 6.63 
55.00 6.30 
51.60 6.83 
Table 9. The effect of sodiumhydroxide (NaOH) and 
tetrasodium pyrophosphate (NaPP) on chopping times 
to reach specified emulsion temperatures 
Time from 4.4°C 
Treatment Time to 4.4°C to 12.8°C(55°F) Total 
(40°F) (55°F) Time 
Control 5.37 11.31 16.68 
0.075% NaOH 5.57 12.19 17.76 
0.30% Napp 5.56 14.24 19.96 
0.0 75% NaOH/ 
0.30% Napp 6.34 11.92 18.26 
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Table 11. The effects of selected phosphates^- and sodium 
hydroxide (NaOH) on emulsion stability 
Treatment Total cookout Gel-liquid Fat Solids 
(ml) 2 (ml) 2 (ml) 2 (ml) 2 
Control 2.85 2.49 0.30 0.08 
0.5% NaHMP 2.54 2.27 0.23 0.04 
0.5% NaHMP/ 
0.125% NaOH 1.40 1.17 0.20 0.03 
0.5% NaAPP 1.95 1.71 0.18 0.06 
0.5% NaAPP/ 
0.125% NaOH 1.13 0.98 0.1-3 0.06 
0.5% NaTPP 0 .80 0.72 0.07 0.03 
0.5% NaTPP/ 
0.125% NaOH 1.12 1.81 0.16 0.03 
0.5% Napp 0 .66 0.58 0 .08 0 .03 
0.5% Napp/ 
0.125% NaOH 0.84 0.69 0.13 0.04 
^Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (NaPP). 
2ml cookout per 34 g sample. 
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Table 12. The effects of selected phosphates^ and sodium 
hydroxide (NaOH) on raw and cooked emulsion pH 
Treatment Raw pH Cooked pH pH change 
Control 5.91 6.16 +0.26 
0.5% NaHMP 6.05 6.40 +0.28 
0.5% NaHMP/ 
0.125% NaOH 6.88 7.00 +0.14 
0.5% NaAPP 5.62 5.86 +0.26 
0.5% NaAPP/ 
0.125% NaOH 6.36 6.57 +0.24 
0.5% NaTPP 6.36 6.51 +0.17 
0.5% NaTPP/ 
0.125% NaOH 7.22 7.22 +0.01 
0.5% Napp 6.48 6.59 +0.13 
0.5% Napp/ 
0.125% NaOH 7.30 7.22 -0.05 
1 godiurn hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (Napp). 
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Table 13. The effect of selected phosphates! and sodium 
hydroxide (NaOH) on Hunter color Lab values 
Treatment l2 a3 b4 
Control 63.52 10.33 11.74 
0.5% NaHMP 64.31 8.99 12.27 
0.5% NaHMP/ 
0.125% NaOH 62.82 7.64 14.15 
0.5% NaAPP 65.22 8.89 11.56 
0.5% NaAPP/ 
0.125% NaOH 62.66 7.36 12.67 
0.5% NaTPP 64.04 7.42 13.46 
0.5% NaTPP/ 
0.125% NaOH 64.00 4.49 15.66 
0.5% Napp 63.88 7.25 12.03 
0.5% Napp/ 
0.125% NaOH 63.57 6.32 14.65 
1 Sodiurn hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP), and tetra-
sodiura pyrophosphate (Napp). 
2l value; 0=black, 100=white. 
3a value; +=red, -=green. 
'•b value; +=blue, -=yellow. 
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Table 14. Effect of selected phosphates^ and sodium 
hydroxide (NaOH) on emulsion chopping times and 
amperes used in chopping 
Treatment Time to 7.2°C Time from 7.2° C Total Amperes^ 
(45°F)2 to 12 .8°C (55° F) 2 Time 2 
Control 4.93 4.19 9.87 436.60 
0.5% NaHMP 4.51 4.82 9.33 433.15 
0.5% NaHMP/ 
0.125% NaOH 5.19 4.59 9.78 391.20 
0.5% NaAPP 4.40 5.72 10.13 429.83 
0.5% NaAPP/ 
0.125% NaOH 4.59 4.71 9.22 434.10 
0.5% NaTPP 5.07 5.27 9.83 411.33 
0.5% NaTPP/ 
0.125% NaOH 4.65 5.32 9.97 421.90 
0.5% NaPP 4.81 5.24 10.05 434.33 
0.5% NaPP/ 
0.125% NaOH 5.29 5.62 10.93 463.00 
1 Sodium hexametaphosphate (NaHMP), sodium acid 
pyrophosphate (NaAPP), sodium tripolyphosphate (NaTPP) and 
tetrasodium pyrophosphate (NaPP). 
^Minutes. 
3Amperes used to chop emulsions for 9 minutes. 
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Table 15. The effect of selected phosphates^ and sodium 
hydroxide (NaOH) on emulsion stability and cooked 
frankfurter yields 
Treatment Total cookout Gel-liquid Cooked Yield 
(ml)2 (ml)2 (%) 
Control 1.51 1.45 91.70 
0.5% NaHMP 1.06 1.01 92.42 
0.5% NaHMP/ 
0.125% NaOH 0.82 0.73 92.02 
0.5% NaAPP 1.48 1.43 92.37 
0.5% NaAPP/ 
0.125% NaOH 0.59 0.55 91.22 
0.5% NaTPP 0.43 0 .41 92.22 
0.5% NaTPP/ 
0.125% NaOH 0.43 0.41 92.04 
0.5% NaPP 0.44 0.42 92.32 
0.5% NaPP/ 
0.125% NaOH 0.38 0.36 91.47 
1 Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (NaPP). 
2ml cookout per 34 g emulsion. 
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Table 16. The effect of selected phos hates 1 and sodium 
hydroxide (NaOH) on raw and cooked emulsion pH 
Treatment Raw pH Cooked pH pH change 
Control 6.00 6.22 +0.21 
0.5% NaHMP 6.14 6.31 +0.17 
0.5% NaHMP/ 
0.125% NaOH 6.96 6.82 -0.14 
0.5% NaAPP 5.75 5.95 +0.19 
0.5% NaAPP/ 
0.125% NaOH 6.48 6.51 +0.02 
0.5% NaTPP 6.44 6.44 -0.004 
0.5% NaTPP/ 
0.125% NaOH 7.22 6.96 -0.30 
0.5% Napp 6.52 6.55 +0.02 
0.5% Napp/ 
0.125% NaOH 7.30 7.05 -0.54 
^Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (Napp). 
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Table 17. The effect of selected phosphates 1 and sodium 
hydroxide (NaOH) on Hunter color Lab values 
Treatment l2 a3 b"* 
Control 63.03 8.86 12.49 
0.5% NaHMP 63.10 10.02 12.03 
0.5% NaHMP/ 
0.125% NaOH 62.17 8.29 12.76 
0.5% NaAPP 63.14 9.50 12.18 
0.5% NaAPP/ 
0.125% NaOH 61.32 8.23 13.42 
0.5% NaTPP 62.27 8.12 12.83 
0.5% NaTPP/ 
0.125% NaOH 61.89 9.88 11.98 
0.5% Napp 61.59 9.08 12.49 
0.5% Napp/ 
0.125% NaOH 61.57 9.45 12.11 
1 Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP), and tetra-
sodium pyrophosphate (Napp). 
2l value; 0=black, 100=white. 
3a value: +=red, -=green. 
'*b value: +=blue, -=yellow. 
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Table 18. The effect of selected phosphates^ and sodium 
hydroxide (NaOH) on the textural characteristics 
of cooked emulsion product 
Treatment Hardness^ Cohesiveness^ 
Control 67.89 0.58 
0.5% NaHMP 67.84 0.66 
0.5% NaHMP/0.125% NaOH 59 .30 0.59 
0.5% NaAPP 66.85 0.66 
0.5% NaAPP/0.125% NaOH 64.04 0.59 
0.5% NaTPP 70.32 0.58 
0.5% NaTPP/0.125% NaOH 52.40 0.55 
0.5% Napp 62.38 0.65 
0.5% Napp/0.125% NaOH 56.79 0.61 
1 Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (Napp). 
2First peak height in mm. 
3Ratio of second peak area to first peak area. 
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Table 19. The effect of selected phosphates^ and sodium 
hydroxide (NaOH) on emulsion viscosity and chopper 
revolutions to specified emulsion temperatures 
Chopper revolutions 
Treatment viscosity^ to 8.6°C to 12.8°C Total 
(47.5°P) (55°P) 
Control 593.7 18.18 22.98 41.13 
NaHMP 556.5 23.03 18.35 41.38 
NaHMP/NaOH 548.2 18.48 19.95 38.43 
Na acid PP 580.0 21.45 19.33 40.80 
Na acid PP/ 
NaOH 511.9 18.45 21.00 39.45 
NaTPP 497.1 23.95 17.15 41.10 
NaTPP/NaOH 538.1 18.58 21.13 39.73 
NaPP 495.4 22.38 19.65 42.05 
NaPP/NaOH 508.5 28.33 24.83 43.13 
1 Sodium hexametaphosphate (NaHMP), sodium acid pyrophos­
phate (NaAPP), sodium tripolyphosphate (NaTPP) and tetra-
sodium pyrophosphate (Napp). 
2ml cookout per 34 g sample. 
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Experiment I 
Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
0.75% NaCl/ 
0.15% NaTPP 60.51 25.45 12.58 0.82 0.14 
0.75% NaCl/ 
0.15% NaPP 60.09 25.87 13.07 0.80 0.17 
0.75% NaCl/ 
0.15% KTPP 60.56 25.19 12.50 0.87 0.19 
0.75% NaCl/ 
0.15% KPP 60.35 25.79 12.22 0.82 0.17 
0.75% NaCl/ 
0.30% NaTPP 60.55 25.28 13.12 0.81 0.31 
0.75% NaCl/ 
0.30% NaPP 60.61 24.38 13.02 0.77 0.33 
0.75% Nad/ 
0.30% KTPP 60.38 25.72 12.35 0.83 0.31 
0.75% NaCl. 
0.30% KPP 60.31 24.63 12.90 0.81 0.33 
1.50% NaCl/ 
0.15% NaTPP 59.83 25.64 12.86 1.59 0.17 
1.50% NaCl/ 
0.15% NaPP 60.83 23.96 13.10 1.63 0.19 
1.50% NaCl/ 
0.15% KTPP 60.56 24.78 13.49 1.55 0.16 
1.50% NaCl/ 
0.15% KPP 60.78 24.29 13.25 1.53 0.18 
1.50% NaCl/ 
0.30% NaTPP 59.44 22.76 11.88 1.59 0.29 
1.50% NaCl/ 
0.30% NaPP 60.67 23.01 12.67 1.59 0.31 
1.50% NaCl/ 
0.30% KTPP 59.74 24.05 11.51 1.56 0.26 
1.50% NaCl/ 
0.30% KPP 60.37 23.55 12.15 1.56 0.33 
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Experiment II 
Treatment Mois ture Fat protein Salt Added 
% % % % Phosphate 
% 
No phosphate/ 
Non-preblended 60 .49 25. 45 12. 04 0 .83 —  — —  
NO phosphate/ 
Preblended 59 .80 25. 87 12. 48 0 .82 —  —  —  
0.30% NaTPP/ 
Non-preblended 60 .25 25. 59 12. 48 0 .82 0.29 
0.30% NaTPP/ 
preblended 59 .15 25. 14 12. 37 0 .77 0.30 
0.30% NaPP/ 
Non-preblended 59 .53 25. 94 12. 25 0 .83 0.26 
0.30% NaPP/ 
Preblended 59 .71 25. 80 12. 25 0 .80 0.33 
Experiment Ill 
Treatment Moisture Fat Protein Salt Added 
% % % % phosphate 
% 
NaCl before NaPP 59. 94 25. 82 11. 84 0 .81 0.26 
NaPP before NaCl 60. ,02 25. 91 12. 56 0 .80 0.31 
NaCl and NaPP 
simultaneously 60. ,19 25. 59 12. 39 0, .81 0.29 
Experiment IV 
Treatment Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
NaPP (Dry) 60. 15 25. 55 0. 82 0.28 
NaPP (solution) 59. 76 25. 97 0. ,80 0.30 
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Experiment V 
Treatment Moisture Fat protein Salt Added 
% % % % Phosphate 
% 
Control 59.97 24.02 11.61 0.82 — — — 
0.30% NaPP 59.17 24.27 0.85 0.29 
0.075% NaOH 60.16 23.66 11.62 0.83 0.29 
0.30% NaPP/ 
0.075% NaOH 59.97 23.32 11.58 0.82 0.29 
Experiment vi  
Treatment Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
Control 59.23 25.57 2.29 — —  —  
0.5% NaHMP 57.94 26.96 2.19 0.40 
0.5% NaHMP/ 
0.125% NaOH 58.07 26.47 2.06 0.41 
0.5% NaAPP 58.10 26.90 2.21 0.50 
0.5% NaAPP/ 
0.125% NaOH 58.24 25.59 2.31 0.48 
0.5% NaTPP 58.36 26.21 2.32 0.48 
0.5% NaTPP/ 
0.125% NaOH 59.00 25.16 2.04 0.47 
0.5% NaPP 57.94 27.34 2.17 0.48 
0.5% NaPP/ 
0.125% NaOH 57.78 27.11 2.27 0.51 
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Experiment VII 
Treatment Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
Control 57.04 27.68 2.13 — — — 
0.5% NaHMP 56.97 27.74 2.15 0.44 
0.5% NaHMP/ 
0.125% NaOH 57.02 27.25 2.17 0.47 
0.5% NaAPP 57.05 27.21 2.11 0.49 
0.5% NaAPP/ 
0\125% NaOH 57.64 26.50 2.16 0.47 
0.5% NaTPP 57.42 25.99 2.27 0.48 
0.5% NaTPP/ 
0.125% NaOH 57.23 26.36 2.20 0.47 
0.5% NaPP 56.98 26.70 2.21 0.50 
0.5% NaPP/ 
0.125% NaOH 56.91 26.71 2.19 0.49 
Experiment VIII 
Treatment Moisture Fat protein Salt Added 
% % % % Phosphate 
% 
0.92% NaCl 61.39 23.72 11.65 0.84 0.50 
0.75% NaCl/ 
0.093% MgCl, 60.17 25.35 12.16 0.84 0.49 
0.46% Nad/ 
0.25% MgClp 60.58 24.73 11.86 0.78 0.54 
0.50% MgClg 60.86 24.92 12.18 0.59 0.50 
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Experiment IX 
Treatment Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
0.75% NaCl 58.80 27.70 0.78 0.50 
0.50% NaCl/ 
0.20% MgCl, 58.51 28.34 0.74 0.50 
0.25% NaCl/ 
0.41% MgClg 58.86 27.87 0.73 0.52 
Experiment X 
Treatment Moisture Pat Protein Salt Added 
% % % % Phosphate 
% 
No NaPP added 58.29 27.34 2.09 — — — 
NaPP added initially 
(with NaCl) 57.60 27.49 2.11 0.44 
NaPP added at 
6.1°C (43°P) 58.34 26.74 2.07 0.48 
NaPP added at 
11.7°C (53°F) 57.81 27.23 2.11 0.49 
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Experiment XI 
Treatment Moisture 
% 
Fat protein 
% 
Salt Added 
% phosphate 
% 
NaPP added; 
-initially 
(with NaCl) 
-at 6.1°C 
(43°P) 
-at 11.7°C 
(53°P) 
58.44 28.20 0.64 0.47 
58.52 27.99 0.67 0.49 
60.22 28.40 0.62 0.51 
Experiment XII 
Treatment Moisture Fat Protein Salt Added 
% % % % Phosphate 
% 
NO phosphate 58.00 27.84 2.12 
NaTPP 57.38 26.29 2.08 0.47 
Napp 57.28 26.48 2.12 0.48 
